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NOVEL BENZOXAZQLES 
BACKGRO UND OF THE INVENTION 
Asthma is a complex disease involving the concerted actions of multiple 
inflammatory and immune cells, spasmogens, inflammatory mediators, cytokines and 
growth factors. In recent practice there have been four major classes of compounds 
used in the treatment of asthma, namely bronchodilators (e.g., fJ-adrenoceptor 
agonists), anti-inflammatory agents (e.g., corticosteroids), prophylactic anti-allergic 
agents (e.g., cromolyn sodium) and xanthines (e.g., theophylline) which appear to 
possess both bronchodilating and anti-inflammatory activity. 

Theophylline has been a preferred drug of first choice in the treatment of 
asthma. Although it has been touted for its direct bronchodilatory action, 
theophylline's therapeutic value is now believed to also stem from anti-inflammatory 
activity. Its mechanism of action remains unclear. However, it is believed that several 
of its cellular activities are important in its activity as an anti-asthmatic, including cyclic 
nucleotide phosphodiesterase inhibition, adenosine receptor antagonism, stimulation 
of catecholamine release, and its ability to increase the number and activity of 
suppressor T-lymphocytes. While all of these actually may contribute to its activity, 
only PDE inhibition may account for both the anti-inflammatory and bronchodilatory 
components. However, theophylline is known to have a narrow therapeutic index, and 
a wide range of untoward side effects which are considered problematic. 

Cyclic nucleotide phosphodiesterases (PDEs) have received considerable 
attention as molecular targets for anti-asthmatic agents. Cyclic 3\5'-adenosine 
monophosphate (cAMP) and cyclic S^S-guanosne monophosphate (cGMP) are known 
second messengers that mediate the functional responses of cells to a multitude of hor- 
mones, neurotransmitters and autocoids. At least two therapeutically important effects 
could result from phosphodiesterase inhibition, and the consequent rise in intracellular 
adenosine 3',5-monophosphate (cAMP) or guanosine 3 '^'-monophosphate (cGMP) 
in key cells in the pathophysiology of asthma. These are smooth muscle relaxation 
(resulting in bronchodilation) and anti-inflammatory activity. 
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It has become known that there are multiple, distinct PDE isoenzymes which 
differ in their cellular distribution. A variety of inhibitors possessing a marked degree 
of selectivity for one isoenzyme or the other have been synthesized. 

Hie structure-activity relationships (SAR) of isozyme-selective inhibitors has 
been discussed in detail, e.g., in the article of Theodore J. Torphy, et al., "Novel 
Phosphodiesterase Inhibitors For The Therapy Of Asthma", Drug News & 
Perspectives, 6(4) May 1993, pages 203-214. The PDE enzymes can be grouped into 
five families according to their specificity toward hydrolysis of c AMP or cGMP, their 
sensitivity to regulation by calcium, calmodulin or cGMP, and their selective inhibition 
by various compounds. PDE I is stimulated by Ca 2 7calmodulin. PDE II is cGMP- 
stimulated, and is found in the heart and adrenals. PDE III is cGMP-inhibited, and 
inhibition of this enzyme creates positive inotropic activity. PDE IV is cAMP specific, 
and its inhibition causes airway relaxation, anti-inflammatory and antidepressant 
activity. PDE V appears to be important in regulating cGMP content in vascular 
smooth muscle, and therefore PDE V inhibitors may have cardiovascular activity. 

While there are compounds derived from numerous structure activity 
relationship studies which provide PDE III inhibition, the number of structural classes 
of PDE IV inhibitors is relatively limited. Analogues of rolipram, which has the 
following structural formula: 
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and of Ro-20-1724, which has the following structural formula: 
H,C, 



| " /— NH 



0 



have been studied. 

Rolipram, which was initially studied because of its activity as an antidepressant 
has been shown to selectively inhibit the PDE IV enzyme and this compound has since 
become a standard agent in the classification of PDE enzyme subtypes. There appeal 
to be considerable therapeutic potential for PDE IV inhibitors. Besides initial work 
suggesting an anti-depressive action, rolipram has been investigated for its anbV 
inflammatory effects, particularly in asthma. In-vitro, rolipram, Ro-20-1 724 and other 
PDE IV inhibitors have been shown to inhibit (1) mediator synthesis/release in mast 
cells, basophils, monocytes and eosinophils; (2) respiratory burst, chemotaxis and 
degranuiation in neutrophils and eosinophils; and (3) mitogen-dependent growth and 
differentiation in lymphocytes (The PDE IV Family Of Calcium-Phosphodiesterases 
Enzymes, John A. Lowe, HI, et al., Drugs of the Future 1992, 17(9):799-807). 

PDE IV is present in all the major inflammatory cells in asthma including 
eosinophils, neutrophils, T-lymphocytes, macrophages and endothelial cells. Its 
inhibition causes down regulation of cellular activation and relaxes smooth muscle cells 
in the trachea and bronchus. On the other hand, inhibition of PDE III, which is present 
in myocardium, causes an increase in both the force and rate of cardiac contractility. 
These are undesirable side effects for an anti-inflammatory agent. Theophylline, a non- 
selective PDE inhibitor, inhibits both PDE III and PDE IV, resulting in both desirable 
anti-asthmatic effects and undesirable cardiovascular stimulation. With this well- 
known distinction between PDE isozymes, the opportunity for concomitant anti- 
inflammation and bronchodilation without many of the side effects associated with 
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due to asthma in many Western countries over the last decade has focused the clinical 
emphasis on the inflammatory nature of this disease and the benefit of inhaled steroids. 
Development of an agent that possesses both bronchodilatory and anti-inflammatory 
properties would be most advantageous. 

It appears that selective PDE IV inhibitors should be more effective with fewer 
side effects than theophylline. Clinical support has been shown for this hypothesis. 

Attempts have therefore been made to find new compounds having more 
selective and improved PDE IV inhibition. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is accordingly a primary object of the present invention to provide new 
compounds which are effective PDE IV inhibitors. 

It is another object of the present invention to provide new compounds which 
N act as effective PDE IV inhibitors with lower PDE III inhibition. 

It is a further object of the present invention to provide new compounds which 
have a superior PDE IV inhibitory effect as compared to rolipram or other known 
compounds. 

It is a further object of the present invention to provide new compounds which 
have a substantially equal or superior PDE IV inhibitory effect as compared to known 
chemical compounds, and which exhibit surprisingly greater selectivity with regard to 
their inhibitory effects. 

It is another object of the present invention to provide a method of treating a 
patient requiring PDE IV inhibition. 

It is another object of the present invention to provide new compounds for 
treating disease states associated with abnormally high physiological levels of 
cytokines, including tumor necrosis factor. 

It is another object of the present invention to provide a method of synthesizing 
the new compounds of this invention. 
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It is another object of the present invention to provide a method for treating a 
mammal suffering from a disease state selected from the group consisting of asthma, 
allergies, inflammation, depression, dementia, a disease caused by Human 
Immunodeficiency Virus and disease states associated with abnormally high 
physiological levels of cytokines. 

With the above and other objects in view, the present invention mainly 
comprises compounds of the formula: 




wherein: R 2 
XisOorS; 

R 2 and Rj are independently selected from hydrogen, halogen, hydroxy, 
nitro, QZ* OQZ* OCOQZ* NHQ^ or NHCOQZ, wherein: 

Q is a bond, or a saturated or unsaturated straight-chain or branched 
alkylene, alkenylene or alkynylene group containing from 1 to 12 carbon atoms; 

Z. is hydrogen, CH(OH)QH, OQH, N0 2 , N(QH) 2 , C0 2 QH, CON(QH) 2 , 
CON(OH)QH, OCOQH, OCON(QH) 2 , OCON(OH)QH, NHCON(QH) 2 , 
NCOI^CONCQH),, CH=NOCOQH, CH=NOCON(QH) 2 , COQH, N(OH)COQH, 
aryl or a heteroaryl ring containing one or more of members of the group selected 
from nitrogen, oxygen and sulfur, said aryl or heteroaryl ring being unsubstituted or 
further substituted with one or more halogen atoms, alkyl groups, OH, OQH N0 2 , 
NH 2 , C0 2 QH, CON(QH) 2 , OCOQH, and OCON(QH) 2 ; 

R 3 is an unsubstituted aryl, heteroaryl or aryl/heteroary! substituted with 1 -3 
members independently chosen from the group consisting of OH, O-alkyl, 
0(CO)alkyl, O-cycloalkyl, halogen, NH 2 , N0 2 , HO-alkyI, R 5 or R«, wherein R* and 
R^are unsubstituted or substituted alkyls as defined in detail below; 
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Z, is a linkage selected from a bond, «CH 2 -, -CH=CH-, -CH 2 CH 2 -, 
-CH(CHj)- and -C(CH 3 ) r ; except that Z,R 3 is not 3,5-di-t-butyI-4-hydroxy-phenyl; 
and 

R« is hydrogen or a halogen. 

The term "lower alky!" is defined for purposes of the present invention as 
straight or branched chain radicals having from 1 to 3 carbon atoms. 

In one preferred aspect of the invention, the compositions of Formula (I) are 
benzoxazole-based compounds having a PDE IV IC^ of less than about 1 O^M; 

DETAILED DESCRIPTION 

The compounds of the present invention, as demonstrated in the appended 
examples, are effective in the mediation or inhibition of PDE IV in humans and other 
mammals. Further, these compounds are selective PDE IV inhibitors which possess 
both bronchodilatory and anti-inflammatory properties substantially without 
undesirable cardiovascular stimulation caused by PDE III inhibition. Many of these 
compounds have a substantially equal or superior PDE IV inhibitory effect as 
compared to theophylline. 

The present invention is further related to a method for the treatment of allergic 
and inflammatory disease which comprises administering to a mammal in need thereof 
an effective amount of the compounds of the present invention. 

The present invention is also related to a method for the mediation or inhibition 
of the enzymatic or catalytic activity of PDE IV activity in mammals, particularly 
humans, which comprises administering an effective amount of the above-described 
compounds of the invention to a mammal in need of PDE IV inhibition. 

The compounds of the present invention may find use in the treatment of other 
disease states in humans and other mammals, such as in the treatment of disease states 
associated with a physiologically detrimental excess of tumor necrosis factor (TNF). 
TNF activates monocytes, macrophages and T-lymphocytes. This activation has been 
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other disease states related to the production of TNF and other cytokines modulated 
by TNF. Accordingly, the compositions of the present invention can be administered 
in effective amounts to mammals suffering from asthma, allergies, inflammation, 
depression, dementia, atopic diseases, rhinitis and disease states associated with 
abnormally high physiological levels of cytokines, inflammatory cytokines and 
chemokines. 

In certain preferred embodiments, the compounds of the present invention 
comprise the formula: 




•N 

w 



wherein: 

X is 0 or S; and preferably 0; 

R, and R 2 are independently selected from hydrogen, halogen, hydroxy, 
nhro, QZ 2 , OQZ* OCOQZ,, NHQZ, or NHCOQZ, wherein: 

Q is a bond, or a saturated or unsaturated straight-chain or branched 
alkylene, atkenylene or alkynylene group containing from 1 to 12 carbon atoms; 

Zj is hydrogen, CH(OH)QH,OQH,N0 2 ,N(QH) 2l C0 2 QH,CON(QH)j, 
CON(OH)QH, OCOQH, OCON(QH),, 0C0N(OH)QH, NHCONCQH)* 
N(OH)CON(QH) 2 , CH=NOCOQH, CH=NOCON(QH) 2 , COQH, N(OH)COQH, 
aiyl or a heteroary! ring containing one or more of members of the group selected 
from nitrogen, oxygen and sulfur; said aryl or heteroary) ring being unsubstituted or 
further substituted with one or more halogen atoms, alkyl groups, OH, OQH, N0 2 , 
NH 2 , C0 2 QH, CON(QH) 2 , OCOQH, and OCON(QH) 2 ; 

R 3 is an unsubstituted aryl, heteroary! or aryl/heteroaryl substituted with 1-3 
members independently chosen from the group consisting of OH, O-alkyl, 

r\ /r*s\\ it i f\ i ti i i_ i vnt *-r^ it i ^ 
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Z, is a linkage selected from a bond, -CH 2 -, -CH=CH-, -CH 2 CH 2 -, 
-CH(CH 3 > and -CCCH^-; 

except that Z,R 3 is not 3,5,-di-t-butyl-4-hydroxy-phenyl; 
R< is hydrogen or a halogen; 

Ra a branched or straight chain alkyl group of 1-12 carbon atoms, preferably 
lower alkyl, most preferably methyl or ethyl; and 

R* is a cydoaDcyl group of 1-12 carbon atoms, which may be substituted by one 
or more halogens, or an alkyl of 1-6 carbon atoms, preferably cyclopentyl which may 
be unsubstituted or substituted by R 7 as shown in the following structural formula: 

o 

wherein R 7 is hydrogen or a saturated or unsaturated straight-chain lower alkyl group 
containing from about 1 to about 6 carbon atoms, unsubstituted or substituted with one 
or more halogen atoms, hydroxyl groups, cyano groups, nitro groups, carboxy] groups, 
alkoxy groups, alkoxycarbonyl, carboxamido or substituted or unsubstituted amino 
groups. 

In certain preferred embodiments, is a halogen, such as chlorine; one of Rj 
or R 2 is hydrogen and X is oxygen or sulfiir and preferably oxygen. 

In further preferred embodiments, Z, is a linkage selected from the group 
consisting of a bond, -CH 2 -, -CH 2 CH 2 - and -CH=CH-. 

In those aspects of the invention where one or both of R, and R 2 are QZj, Q is 
preferably an alkenylene or alkynylene group. Suitable alkenylene groups include, for 
example,-CH=CH-, and -CH 2 -CH=CH-; suitable alkynyl groups include -C=C-, and 
-C=C-CH 2 -. 

Still further aspects of the invention include Q as an alkylene group. A non- 
limiting list of suitable groups include -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -. 

Within this aspect of the invention, Z^ where included, is preferably a 2- 
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pyridine or 2-thiazole group. 

K y can include an unsubstituted or substituted phenyl group such as phenyl, 
chlorophenyls, fiuorophenyls, bichloro and bifluorophenyls, chloro-fluorophenyls and 
the like. Other aspects of the invention include R 3 groups such as 3,S-di-t-butyl-4- 
hydroxyphenyl; 3 , 5-di-t-butyl-4-acetoxyphenyl ; 3,4-dimethoxyphenyl and 3- 
cyclopentyloxy-4-methoxyphenyl. 

In another aspect of the invention, when X is O or S, preferably O and Z, is - 
CH r , R 3 is 




wherein 

Rj is hydrogen or branched or straight chain alkyl group of 1-12 carbon atoms; 
preferably lower alkyl, most preferably methyl or ethyl, and R* is an alkyl group of 1-12- 
caibon atoms, which may be substituted by one or more halogens, or cycloalkyl of 3-6 
carbon atoms, preferably cyclopentyl which may be substituted by R 7 as shown in the 
following structural formula: 

o 

wherein R 7 is hydrogen or a saturated or unsaturated straight-chain lower alkyl group 
containing from about 1 to about 6 carbon atoms, unsubstituted or substituted with one 
or more halogen atoms, hydroxyl groups, cyano groups, nitro groups, carboxyl groups, 
alkoxy groups, alkoxycarbonyl, carboxamido or substituted or unsubstituted amino 
groups; 

R g is hydrogen, lower alkyl or halogen. 

In still further aspects of the inventions, R 3 includes moieties such as a 
chlorophenyl or a di-t-butyl-hydroxy benzyl. 

Certain preferred compounds of the present invention include; 

(I) 7-aIlyl-5-chloro-2-(3-cyclopentyloxy-4-methoxybenzyl)-benzoxazole; 

(II) 5-cUoro-2-(3,5-di-t-butyM-hydroxy^ 
benzoxazole; 
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(III) 5-chloro-2-(3,5-di^t-buty]-4-hydroxy.benzyl).7-(2-(2-thia2olyI). 
ethynyI>bsnzoxazole; 

(IV) 7-bromo-5-chloro-2-(3-cyclopentyIoxy-4-methoxy-benzyI)- 
benzoxazole; 

(V) 7-bromo-5-chloro-2-(3,4-dimethoxy-ben2yJ)-bsnzoxa2ole; 

(VI) 2-(3-cycIopentyloxy-4-methoxy-benzyI).7-nitro-ben20xazole; 

(VII) 2-(3<yclopentyIoxy-4-methoxy-ben2yl)-4-hydroxy-benzoxa2ole; 
(Vm) 4-acetoxy-2-(3-cyclopentyloxy-4-methoxy-ben2yl)ben20xa2ole; 

(IX) 4-(5-chloro-2-(2-chlorophenyl)ben20xa2ol-7-yI)butan-2-one; 

(X) 2-(3-Cyclopentyloxy-4-methoxy-benzyI)-4.(2.pyridylmethoxy) 
benzoxazole hydrochloride; 

(XI) 2^3<ydopentyloxy^methoxy-benzyl)-7^2-p^^ 
benzoxazole; and 

(XII) . 2-(3-cyclopentyloxy-4-methoxy-benzyI)-7-bromo-benzoxazole. 

In other preferred aspects of the invention, the compounds in accordance with 
the present invention have a PDE IV IC*, of less than about 1 O^M and more preferably 
less than that of rolipram. . 

Description of the synthesis of a representative number of these molecules is 
set forth in the Examples. The synthesis of other molecules not specifically shown in 
the examples but within the scope of "the invention are carried out using those 
techniques shown with modifications which are known to those of ordinary skill in the 
art. 

The compounds of the present invention have been found to be highly effective 
PDE IV inhibitors, the inhibition of which is in tact significantly and surprisingly 
greater than that of theophylline which exhibits 50% inhibition of PDE IV at around 
350 jiM. In addition, the concentration which yields 50% inhibition of PDE IV (IC^) 
for the compound prepared in Example 1 is 0.6 jiM, whereas the IC 30 for rolipram 
when run in the same assay was 2.8 fiM. Historically, the IC^ for rolipram is 
considered to be 3.5 jiM In any case, it is apparent that this inventive compound is 
several times as effective as a PDE IV inhibitor as compared to rolipram (or 
theophylline). 



10 
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While the PDE m inhibition of an Example 1 compound is only 22% at 10 jiM, 
ft is clear that the compound of the invention is highly selective as a PDE IV inhibitor. 

Accordingly, the compounds of the present invention can be administered to 
anyone requiring PDE IV inhibition. Administration may be orally, topically, by 
suppository, inhalation or insufflation, or parenterally. 

The present invention also encompasses, where appropriate, all 
pharmaoeutically acceptable salts of the foregoing compounds. One skilled in the art 
will recognize that acid addition salts of the presently claimed compounds may be 
prepared by reaction of the compounds with the appropriate acid via a variety of 
known methods. Alternatively, alkali and alkaline earth metal salts are prepared by 
reaction of the compounds of the invention with the appropriate base via a variety of 
known methods. 

Various oral dosage forms can be used, including such solid forms as tablets^ 
gelcaps, capsules, caplets, granules, lozenges and bulk powders and liquid forms such ; 
as emulsions, solution and suspensions. The compounds of the present invention can 
be administered alone or can be combined with various pharmaceutical^ acceptable 
carriers and excipients known to those skilled in the art, including but not limited to 
diluents, suspending agents, solubilizers, binders, disintegrants, preservatives, coloring 
agents, lubricants and the like. 

When the compounds of the present invention are incorporated into oral 
tablets, such tablets can be compressed, tablet triturates, enteric-coated, sugar-coated' 
film-coated, multiply compressed or multiply layered. Liquid oral dosage forms 
include aqueous and non-aqueous solutions, emulsions, suspensions, and solutions 
and/or suspensions reconstituted from non-effervescent granules, containing suitable 
solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners, 
coloring agents, and flavoring agents. When the compounds of the present invention 
are to be injected parenterally, they may be, e.g., in the form of an isotonic sterile 
solution. Alternatively, when the compounds of the present invention are to be inhaled, 
they may be formulated into a dry aerosol or may be formulated into an aqueous or 
partially aqueous solution. 

In addition, when the compounds of the present invention are incorporated into 
oral dosage forms, it is contemplated that such dosage forms may provide an 

11 
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immediate release of the compound in the gastrointestinal tract, or alternatively may 
provide a controlled and/or sustained release through the gastrointestinal tract A wide 
variety of controlled and/or sustained release formulations are well known to those 
skilled in the ait, and are contemplated for use in connection with the formulations of 
the present invention. The controlled and/or sustained release may be provided by, 
e.g., a coating on the oral dosage form or by incorporating the compound(s) of the 
invention into a controlled and/or sustained release matrix. 

Specific examples of pharmaceutical^ acceptable carriers and excipients that 
may be used for formulate oral dosage forms, are described in the Handbook of 
Pharmaceutical Excipients, American Pharmaceutical Association (1986), incorporated 
by reference herein. Techniques and compositions for making solid oral dosage forms 
are described in Pharmaceutical Dosace F orms: Tablets (Lieberman, Lachrnan and 
Schwartz, editors) 2nd edition, published by Marcel Dekker, Inc., incorporated by 
reference herein. Techniques and compositions for making tablets (compressed and 
molded), capsules (hard and soft gelatin) and pills are also described in Remington's 
Pharmaceutical Sciences (Arthur Osol, editor), 1553-1593 (1980), incorporated herein 
by reference. Techniques and composition for making liquid oral dosage forms are 
described in Pharmaceutical Dosage Forms: Disperse Systems (Lieberman, Rieger and 
Banker, editors) published by Marcel Dekker, Inc., incorporated herein by reference. 

When the compounds of the present invention are incorporated for parenteral 
administration by injection (e.g., continuous infusion or bolus injection), the 
formulation for parenteral administration may be in the form of suspensions, solutions, 
emulsions in oily or aqueous vehicles, and such formulations may further comprise 
pharmaceutical^ necessary additives such as stabilizing agents, suspending agents, 
dispersing agents, and the like. The compounds of the invention may also be in the 
form of a powder for reconstitution as an injectable formulation. 

The dose of the compounds of the present invention is dependent upon the 
affliction to be treated, the severity of the symptoms, the route of administration, the 
frequency of the dosage interval, the presence of any deleterious side-effects, and the 
particular compound utilized, among other things. 

The PDE IV inhibitory compounds of the present invention may be examined 
for their PDE IV inhibitory effects via the techniques set forth in the following 

12 
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examples, wherein the ability of the compounds to inhibit PDE IV isolated from bovine 
trachea] smooth muscle is set forth. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples illustrate various aspects of the present invention, and 
are not to be construed to limit the claims in any manner whatsoever. 

EXAMPLE 1 

7-allvt>S-chloro-2-f3-cvclonentvloxv>4-inethoxvben2vl>-benroTMo1ft 

(a) 3-cvclopentvloxv^-methoxvbenzaldehvde - 
A mixture of 3-hydroxy-4-methoxybenzaldehyde (40 g, 0.26 mol), potassiiiiifr* 
carbonate (40 g, 0.29 mol) and cyclopentyl bromide (32 ml, 0.31 mol) in 
dimethylformamide (0.25 1) was heated under an argon atmosphere at 100°C. After ^ 
4 hours, additional cyclopentyl bromide (8.5 ml, 0.08 mol) was added and heating was 
continued for 4 hours. The mixture was allowed to cool and was filtered. The filtrate 
was concentrated under reduced pressure and the residue was partitioned between 
ether and aqueous sodium bicarbonate. The organic extract was washed with aqueous 
sodium carbonate and was dried (potassium carbonate). The solvent was removed in- 
vacuo and the residue was purified by flash chromatography^ eluting with 2:1 
hexanes/etherto provide a pale yellow oil (52 g, 89%)[may also be distilled at -0.02 
mm.Hg] . 

Analysis Calc. for C 13 H J6 0 3 ; C 70.89, H 7.32; found: C 70.71, H 7.33 
(b) 3-cvclopentvloxv-4-methoxvbenzvl alcohol 

A solution of 3-cyclopentyloxy-4-methoxybenzaldehyde (38 g 0. 1 7 mol) in 40 
ml of ethanol and sodium borohydride (1.63 g, 0.043 mol) was stirred for 2 hours at 
room temperature at which time the reaction was complete by TLC. The reactibn was 
diluted with water and extracted with ethyl acetate. Evaporation of the ethyl acetate 
afforded 3-cyclopentyioxy-4-methoxybenzyI alcohol (37 g, 98%) suitable for the next 
step. 
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(c) 3-cvcloDentvloxv-4-methoxvbenzvl chloride 

A solution of 3-cyclopentyloxy-4-methoxybenzyl alcohol (1 12 g, 0.50 mol) 
prepared as described above, in 1 liter of methylene chloride was stirred at room 
temperature with concentrated HCI (1 1 0 ml, 1.2 mol) for 3 hours at which time the 
reaction was done by TLC. The layers were separated and the methylene chloride 
solution was washed twice with water and evaporated under reduced pressure to give 
3-cyclopentyloxy-4-raethoxybenzyI chloride (1 19 g, 100%). 

(d) 3-cvclopentvloxv^-methoxvphenvlacetonitrile 

A mixture of 3-cyclopentyloxy-4-methoxybenzyl chloride (119 g, 0.49 mol), 
120 ml of methylene chloride, KCN (70.7 g, 1.09 mol), benzyltriethylammonium 
chloride (35 g, 0. 015 mol) and water (120 ml) was stirred vigorously at room 
temperature for 48 hours when the reaction was complete by HPLC. The reaction 
mixture was diluted with methylene chloride and the layers were separated. The 
methylene chloride solution was extracted several times with water and evaporated to 
afford 3-cyclopentyloxy-4-methoxyphenylacetonitrile (109 g, 95%) of sufficient purity 
to be used in the subsequent transformation. 

(e) 3-cvclopentvloxv-4-methoxvphenvlacetic acid 

A solution of 3-cyclopentyloxy-4-methoxyphenylacetonitrile (109 g, 0.43 mol) 
in 1330 ml of ethanol and NaOH (51 g, 1.3 mol) was heated under reflux for 48 hours. 
Ethanol (500 ml) was distilled from the reaction mixture ajid the residue was diluted 
with water and stirred with Norit A (1 1 g) for 2 min. The mixture was filtered through 
a pad of celite and acidified to pH 1 with concentrated HCI. Extraction of the mixture 
with ether afforded 120 g of crude 3-cyclopentyIoxy-4-methoxyphenylacetic acid after 
evaporation of the ether at reduced pressure. The crude acid was dissolved in warm 
toluene (400 ml) and stirred for 1 hour with 10.5 g of Norit A. The charcoal was 
filtered and the toluene solution was diluted with heptane (400 ml). Filtration of the 
cooled solution afforded 72 g (67%) of pure 3-cycIopentyloxy-4-methoxyphenylacetic 
acid, mp 79-80 °C. 

(f) N-f3-cvclopentvloxv-4-methoxvphenvlacetvn«2-hvdroxv-5-chloroaniline 

To a stirred slurry of 1 , 1 -carbonyl diimidazole (7. 1 g, 0.044 mol) in 40 ml of 
methylene chloride was added dropwise a solution of 3-cyclopentyloxy-4- 
methoxyphenylacetic acid (10 g, 0.040 mol) in 20 ml of methylene chloride. After 
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stirring for 2 hours the resulting solution was added to a solution of 2-hydroxy-5- 
chloroaniline (6.0 g, 0.042 mol) in methylene chloride (75 ml). After stirring 
overnight, water was added and stirring was continued. The layers were separated and 
the methylene chloride layer was washed with 100 ml portions of water, dilute aqueous 
HQ, and water. Evaporation of the methylene chloride afforded the solid amide which 
was triturated with methanol (20 ml) and filtered to give 10.7 g (71%) of N«<3- 
cyclopemyloxy^methoxyphenylacetyl^-hydroxy-S-chloroaniline, mp 151-152°C. 

(g) N^3-cvclopentvloxv^-methox^ 

To a stirred solution of N-(3-cyclopentyloxy-4-methoxyphenylacetyl>-2- 
hydroxy-5-chloroaniline (78 g, 0.21 mol) in ethanol (600 ml) and 1 N NaOH in 
methanol (213 ml) was added allyl chloride (23.3 g, 0.31 mol). The mixture was s 
heated under reflux for 8 hours, after which it was diluted with water and extracted-: 
twice with ethyl acetate. Evaporation of the ethyl acetate and crystallization of the; 
residue from methanol gave 56.4 g (65%) of the title compound, mp 75-76.5 °C. " ; ; { 

(h) 7-alM-5-chloro-2-f3-cvclopentvloxv-4-methoyvbenzvlVbenzoxazole 

A solution of N-(3-cyclopentyloxy-4-methoxyphenylacetyl)-2-allyloxy-5- 
chloroaniline (38.1 g, 0.092 mol) in 200 ml of diphenyl ether was heated under 
nitrogen at 180° for 8 hours. Protracted heating resulted in reduced yields. The 
reaction mixture was diluted with 500 ml of petroleum ether, applied to a column 
packed with 500 g of flash chromatography silica gel and eluted with petroleum ether 
followed by methylene chloride. Fractions of 800 ml were collected. The material 
from fractions 9-14 weighed 30 g (80% of theoretical). This material was recrystal- 
lized from hexane to give 1 9 g (52%) of the title compound, mp 43-44 °C, which was 
greater than 98.3% pure by HPLC 

HPLC conditions 

Reactions were monitored by HPLC using an Alltech Alltima column, C 1 8, 5 
microns, 250 x 4.6 mm. Solvent: methanol/water (85:15), 1 ml/min at 254 nrn. 
Retention time: 21 min. 



15 



WO 96/11917 



PCT/US95/14399 



EXAMPLE 2 

S-ehloro-2-f3.S-dt-t.bntvU4-hvdroyy.. henzvlV7-(2-< , 2-pvridvl>-ethYnvl)- 
benzoxazole 

(a) 2-bromo4-ehloro-6-nitro-phenQl 

A solution of 2-bromo-*-chIoro-phenol (99.24 g, 480 mmot) in acetic acid (110 
ml) and acetic anhydride (125 ml) was cooled to -10°C. Within 1 hour a solution 
containing 100% nitric acid (33 ml) and acetic acid (40 ml) was added between -10° 
and -5°C, with stirring. The mixture was stirred for an additional 1.5 hours at 0-5°C, 
then the suspension poured onto 300 g of ice in 700 ml of water and stirred for a 
further 0.5 hour. The solid was collected, washed, and dried to give 97. 12 g (80. 1%) 
of the title compound (mp 121-2°C). 

(b) 6-amino-2-bromo-4-chl oro-Dhenol 

A solution of 2-bromo-4-chloro-6-nitro-phenol (16.27 g, 64.4 mmol) in ethyl 
acetate (160 ml) was hydrogenated, at room temperature, with Raney-nickeJ (6 g). 
After hydrogen uptake (approx. 4.8 1) was complete, the nickel was removed by 
filtration and the filtrate evaporated in-vacuo to give 14.19 g (99.0%) of the title 
compound which was suitable for the next step. 

(c) N.O-di>(3.5-di-t-butvM-hvdroyv-phenvlacetvn-6-amin o.2-brnmfv4-rhl»rn- 
phenol 

Water (173 ml) and sodium carbonate (33.24 g, 310 mmol) were added to a 
stirred ethereal solution (123 ml) of 6-amino-2-bromo-4-chloro-phenol (17.45 g, 78.4 
mmol). After 15 minutes 3,5-di-t-buty!-4-hydroxy-phenylacetyl chloride (47.60 g, 
93 . 1 %, 1 56. 8 mmol) (prepared with thionyl chloride from the corresponding acid), was 
added at -5° to 0°C and stirring continued for a further 1.5 hours without cooling. 
The aqueous phase was adjusted to pH 8 and the layers separated. The organics were 
washed with 1 N HC1 (100 ml) and saturated aqueous sodium bicarbonate solution 
(100 ml), dried (NajSOJ and evaporated in-vaaio to give 58.1 g (103.6%) of the thle 
compound which was suitable for the next step. 

(A) 2-bromo-4-chloro-6-( r 3.5-d»-t-burvl-4-hvdrnyv- phenvlacetvl-aminoVphennl 

A solution of N,0-Di-(3,5-di-t-butyl-4-hydroxy-phenyIacetyl)-6-arnino-2- 
bromo-4-chloro-phenol (58.1 g, 89.8 mmol) in methanol (400 ml) and potassium 
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carbonate (24.78 g, 180 mmol) was stirred at room temperature for 10 minutes. The 
methanol was removed in-vacuo, the residue treated with 2 N HCI (180 ml, 360 
mmol), and extracted with ethyl acetate (300 ml). The organics were dried (Na^OJ, 
evaporated in-vacuo, and the residue suspended in petroleum ether. The precipitate 
was collected to give 37.44 g (88.9%) of the title compound which was suitable for the 
next step. 

(e) 7>bromo>5-chloro>2>f3.5-di-t>butvl-4-hvdro?cv-benzvl>-benzoxa2ole 

A solution of 2-bromo-4-chloro-6-(3,5-di-t-butyl-4-hydroxy-phenylacetyl- 
arnino>phenol (35.67 g, 76.1 mmol) and phosphorus oxychloride (41 .8 ml, 457 mmol) 
in toluene was heated under reflux for 1 hour. Volatiles were removed in-vacuo and 
residual amounts of phosphorus oxychloride removed by azeotropic distillation with 
toluene (2 x 50 ml). The residue was taken up in acetone (50 ml) and ether (100 ml); " 
and treated with water (100 ml) and saturated aqueous sodium bicarbonate solution*; 
(100 ml). The organic solvents were removed in-vacuo and the precipitate collected* 
to give 33.36 g (93.6%) of crude benzoxazole. The crude benzoxazole was dissolved 
in dichloromethane (100 ml), filtered, and the filtrate diluted with methanol (1 00 ml). : 
The dichloromethane was removed by distillation and the resulting crystals collected, 
washed, and dried in-vacuo to give 28.86 g (80.9%) of the title compound (mp 133- 
6°C). 

(f) 5>chloro-2»r3.5-di-t-butvl-4-hvdroxv-benzvlV7-ethvnvl-benzoxazole 

A suspension of 7-bromo-5-chloro-2-(3 , 5-di-t-butyl-4-hydroxy-benzyI)- 
benzoxazole (13.50 g, 30 mmol), trimethylsilylacetylene (4.41 g, 6.36 ml, 45 mmol), 
bis(triphenylphosphine) palladium (II) dichloride(105 mg, 150 jimol) and copper (I) 
iodide (5.75 mg, 30 jimol) in triethylamine (60 ml) was heated at 90 °C, under argon, 
for 3 hours. The mixture was cooled to room temperature, diluted with water (375 ml) 
and the excess triethylamine removed in-vacuo. The solid was removed by filtration 
and the filtrate evaporated in-vacuo to give 14.00 g (100%) of crude 
trimethylsilylacetylene derivative. A suspension of the crude trimethylsilylacetylene 
derivative (14 g) in methanol (140 ml) and potassium carbonate (6.20 g, 45 mmol) was 
stirred at room temperature, under nitrogen, for 1 0 minutes; 2 N HCI (45 ml, 90mmol) 
was added slowly and the formed suspension evaporated in-vacuo. The residue was 
taken up in dichloromethane (200 ml), the salt removed by filtration and the filtrate 
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evaporated in-vacuo to give 12.21 g (102.8%) of crude 5-chloro-2-(3,5-di-t-butyl-4- 
hydroxy-benzyI)-7-ethynyl-benzoxazole. The crude ethynyi-benzoxazole was dissolved 
in dichloromethane (40 ml) and filtered through 60 g of silica gel. The product was 
recrystallized from methanol to give 8. 10 g (68.2%) of the title compound (mp 152- 
5°C). From the fihrale a second crop of 1.31 g (1 1.0%) was also obtained. 
Elemental analysis for C 2t H lc C\'NQ z 
Calc. C 72.81 H6.62 N3.54 0 8.10 

Found C 72.26 H 6.60 N 3.72 O 8.07 

(g) S-chloro^-fS.S-di-t-butvl^-hvdroyv-h ^zvn-T-f^-f^-pvridvlVethvnvl). 
benzoxazole 

A suspension of 5-chloro-2-(3,5-di-t-butyI-4-hydroxy-benzyl)-7-ethynyl- 
benzoxazole (2.38 g, 6.0 mmol), 2-bromo-pyridine (0.66 ml, 98%, 6.6 mmol), 
bis(triphenylphosphine)paliadium(H) dichloride (21.1 mg, 30 umo!) and copper (I) 
iodide (1.2 mg, 6 umol) in triethylamine (12 ml) was heated at 90°C, under argon, for 
1.5 hours. The triethylamine was removed in-vactio and the residue dissolved in ether 
(100 ml). The organics were washed with water (50 ml),l N HCI (100 ml) and 
saturated aqueous sodium hydrogen carbonate (100 ml), dried (Na 2 S0 4 ) and 
evaporated in-vacuo to give 2.96 g (1 04.2%) of crude pyridylethynylbenzoxazole. The 
crude benzoxazole was purified by column chromatography (Si0 2 ; dichloromethane), 
and the product crystallized from methanol and suspended in hot water. The resulting 
crystals were collected, washed, and dried to give 1 .49 g (52.5%) of the title 
compound (mp 138-9°C). 
Elemental analysis for CUJi ^C IN ^O, 
Calc. C 73.64 H6.18 N 5.92 0 6.76 

Found C 73.62 H 5.97 N 5.91 0 6.93 

EXAMPLE 3 

5-chloro-2-f3.5-di-t- biitvl-4-hvdroxv-benzvl>-7-f2-f2-thiflzolvn-ethvnvn- 
benzoxazole 

A suspension of 5-chloro-2-(3,5-di-t-butyI-4-hydroxy-benzyl)-7-ethynyl- 
benzoxazole (2.38 g, 6.0 mmol), 2-bromothiazole (1.13 ml, 95%, 12 mmol), 
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bistriphenylphosphine)palladium(II) dichloride (21.1 mg, 30 fimol), and copper (I) 
iodide (L2 mg, 6 \imo\) in triethyiamine (12 ml) was heated at 90°C, under argon, for 
3 hours. The triethylamine was removed m-vaciw and the residue dissolved in ether 
(70 ml) and water (30 ml). The organics were washed with 1 N HCI (30 ml) and 
5 saturated sodium hydrogen carbonate (30 ml), dried (Na^SOJ and evaporated in-vacuo 

to give 2.86 g (100%) of crude thiazolylethynylbenzoxazole, which was purified by 
flash chromatography (Si0 2 ; dichloromethane). The product was crystallized and 
recrystallized from methanol to give 1 .43 g (50.4%) of the title compound (mp 137- 
41 °C). 

10 Elemental analysis for C^H^CIN^S 

Calc. C 67.70 H5.68 N5.85 O 6.68 

Found C 67.62 H 5.40 N 5.65 O 6.76 

EXAMPLE 4 

15 7>bromo-5-chloro-2"f3-cvcioDentvloxv-4-methoxvbenzv!V benzoxazoje 

(a) N.O-dif3-cvcloDentvloxv-4>methoxv-DhenvlacetvlV6>amino>2>bromo-4- 
chloro-phenol 

20 A solution of 48.7 g of 3-cyclopentyloxy-4-methoxy-phenylacetyl chloride 

in 240 ml of ether was added, at 0-5° C within 1 0 min, to a two phase solution of 
19.6 g of 2-amino-3-bromo-5-chlorophenol (freshly prepared) in 300 ml of ether 
and 360 ml water. After 1 hour at 15°C the ether was removed in vacuo and the 
brownish solid collected, washed with water and dried to give 58.95 g of crude 

25 amide ester. 

(b) 2-Bromo-4-chloro-6-f3-cvclopentvlo>cv-4-methoxv-phenvl-acetvlaminoV 
phenol 

A suspension of 58.7 g of N,0-di(3-cyclopentyloxy-4-methoxy- 
phenyiacetyl)-6-amino-2-bromo-4-chloro-phenol in 200 ml of isopropanol was 
30 added at 10°C to a two phase solution of 9.59 g of potassium hydroxide in 6.1 5 ml 

of water and 490 ml of isopropanol. After 15 minutes, practically all the solid was 
dissolved. After 45 minutes, 200 ml of water was added and the suspension brought 
to pH 7 with 85 ml of 1 N HCI. The isopropanol was removed in vacuo and 50 ml 
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of saturated sodium bicarbonate solution added to bring the pH to about 8. After 45 
min the solid was collected, washed with bicarbonate and water until neutral, and 
dried to give 43.2 g of crude amide; the fihrate was acidified and 16.87 g of 3- 
cyclopentyloxy-4-methoxyphenylacetic acid recovered. 

The crude amide was suspended in 200 ml of dichloromethane and the solid 
collected to give 3 1 ;30 g of title compound. 

(c) 7-bromo-5^hloro>2-r3-c^clopentvloxv-4>methoxv-benrvlVben2oxazole 

A suspension of 32.9 g (72.4 mmol) of 2-bromo-4-chloro-6-(3 -cyclopentyloxy- 
4-methoxy-phenyl-acetylamino)-phenoI in 400 ml of toluene and 39.7 ml (434 mmol) 
of phosphorus oxychloride was refluxed for 1.5 hours. Some solid material was filtered 
off and the filtrate evaporated to dryness in vacno. The honey-like residue was 
suspended in 200 ml of sodium bicarbonate solution for 1 hours. The solid was 
collected, washed and dried at 25 °C to give 22.53 g (71.2%) of crude benzoxazole. 

The crude material was dissolved in 100 ml of dichloromethane and filtered . 
through 60 g of silica gel. Crystallization from methanol afforded 19.46 g (61.9%) of 
pure benzoxazole (mp 90-1 °C). 

EXAMPLE 5 

7-bromo-5-chloro-2-(3,4-dimethoxvbenzv0benzoxazole 

By using a similar procedure to Example 4 employing 3,4-dimethoxy- 
phenylacetyl chloride and 2-amino-3-bromb-5-chlorophenoI the title compound was 
obtained (mp I23-124°C). 

EXAMPLE 6 

2-f3-cvclopentvloxv-4-methoxvbenzvl)-7-nitro-benzoxazole 

(a) 2-amino-6-nitrophenol 

A suspension of 2,6-dinitrophenol (5 g), ammonia (3 ml) and ammonium 
chloride (14.30 g) in water ( 30 ml) was heated to 70°C A solution of sodium sulphide 
nonahydrate (24.19 g) in water (23 ml) was added and the resulting mixture stirred at 
70 °C for 2 hours. The reaction was cooled to room temperature, acidified (pH 3.2) 
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with 2N HCl, and the brown precipitate separated by filtration. The filtrate was 
extracted with chloroform (6 x 75 ml), the organic extracts combined with the 
precipitate, and evaporated in-vacuo to yield a dark brown solid. The solid was 
purified by flash chromatography (Si02; dichloromethane) to yield the title compound 
5 (2.86 g, 68%) as a brown solid. 

6„ (250 MHz; DMSO), 6.75 (lH,td,ArH), 6.90 (2H,bs,ArNH2), 6.92 (lH,m,ArH), 
7.14(lH,rn,ArH). 

(b) N>r2-hvdro>rv>3-nitroDhenvlV3-cvclopentvloxv>4-methoxv-phenvlacetamide 
A suspension of 3-cyclopentyloxy-4-methoxyphenylacetic acid (1.00 g) and 

10 l.T-carbonyl diimidazole (821 mg) in dichloromethane (5 ml) was stirred at room 

temperature, under argon, for 2 hours The resulting solution was added to a stirred 
solution of 2-amino-6-nrtrophenol (723 mg) in dichloromethane (10 ml)*"an<i the 
mixture stirred at room temperature, under argon, overnight. The reaction mixture: was 
diluted with water (100 ml) and extracted with dichloromethane (3 x 50 ml): The 

15 combined organic extracts were washed with water (100 ml), 1 N HCl (50 m!) and 

brine (50 ml), dried over CaS0 4 and evaporated in-vacuo to yield the title compound 
(1 .05 g, 68%) as an orange solid. 

6 H (250MHz;d 6 DMSO), 1 .58-1 .97 (8H,m,4 x CH 2 ), 3.73 (2H,s,CH 2 ), 3.87 
(3H,s,OMe), 4.79 (lH,m,CH), 6.78-6.93 (3H,m,ArH), 6.98 (!H,t,ArH), 7.78 
20 (lH,dd,ArH), 7.95 (lH,bs,CONH), 8.71 (lH,dd,ArH), 10.5 (lH,bs,ArOH). 

(c) 2>f3-cvclopentvloxv-4-methoxvbenzvlV7-nitrobenzoxazole 

A solution of N-(2-hydroxy-3-nitrophenyl)-3-cyclopentyloxy-4-methoxy- 
phenylacetamide (2.0 g) and pyridinium p-toluene-sulphonate (500 mg) in xylene (140 
ml) was heated at reflux, under nitrogen, overnight. The reaction mixture was cooled 

25 to room temperature, diluted with water (100 ml) and extracted with dichloro- 

methane (3 x 75 ml). The combined organic extracts were washed with water (3 x 100 
ml), brine (100 ml), dried (CaS0 4 ) and evaporated in-vacuo to yield an orange oil. The 
oil was purified by flash chromatography (Si0 2 ; dichloromethane; ethanol; ammonia 
(50:1:0.1)) to yield the title compound (1.107 g, 58%) as an orange solid (mp 95- 

30 98.5°C). 
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6 H (250MHz;d 6 DMSO) 1.45-1.95 (8H,m,4 x CHj), 3.70 (3H,s,OMe), 4.36 
(IH^CH^ 4.74 (lH,m,CH), 6.89 (2H,bs,ArH), 7.02 (lH,bs,ArH), 7.56 
(lH,t,ArH), 8.15 (lH,dd,ArH), 8.17 (lH,dd,ArH). 

m/z 368 (NT), 338 (M-NO), 300 (M-CjHg), 285, 270, 253, 149, 137, 123, 100. 

5 

EXAMPLE 7 

2^5-cvclopentvloxT-4-methoTvbenzvfV4-hvdroxv->benzoxflzole 

(a) ?-ammpresorcinpI 

10 A suspension of 2-nitroresorcinol (4.995 g) and platinum (IV) oxide (356 mg) 

in ethanol (90 ml) was hydrogenated, at room temperature, at 100 p.s.i. for 4 hours. 
The reaction mixture was filtered through celite, the filter cake washed with methanol 
(50 ml), and the combined filtrate evaporated in-vactto to yield a brown solid. The 
solid was suspended in dichloromethane (100 ml) and evaporated to dryness to yield 

15 the title compound (3.83 g, 95%) as a brown solid. 

6„(250 MHz; d 6 DMSO) 3.85 (2H,br s^NHJ, 6.20 (3H,m,ArH), 8.85 (2H,br s,ArOH). 

(b) N-f2.6>dihvdroKvphenvlV3>cvclopentvloyv-4-methoyyphenvlacetamide 

A suspension of 3-cyclopentyloxy-4-methoxyphenylacetic acid (2.49 g) and 
1,1-carbonyl diimidazole (2.31 g) in dichloromethane (10 ml) was stirred at room 

2 0 temperature, under argon, for 2 hours. The resulting solution was added to a stirred 

suspension of 2-aminoresorcinoI (1.62 g) in dichloromethane (15 ml) and the mixture 
stirred at room temperature, under argon, overnight. The reaction mixture was diluted 
with water (100 ml) and extracted with dichloromethane (3 x 50 ml). The combined 
organic extracts were washed with water (100 ml), 1 N HC1 (100 ml) and brine (100 

25 ml), dried over CaS0 4 and evaporated in-vacuo to yield the title compound (2. 122 g, 

60%) as a beige solid. 

6 H (250MHz;d 6 DMSO) 1.53-1.95 (8H,m,4 x CH 2 ), 3.65 ^H^CHj), 3.70 
(3H,s,OMe), 4.75 (lH,m,CH), 6.3 (lH,s,ArH), 6.35 (lH,s,ArH), 6.90 
(4H,m,ArH), 9.40 (2H,s,ArOH), 9.6 (lH,s,CONH). 
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(c) 2-f3-cvcloDentvIoxv^methoxvbenzvD-4-hvdroxvbenzoxazole 

A solution of N-(2,6-dihydroxyphenyI)-3-cyclopentyloxy-4-inethoxyphenyl- 
acetamide (2. 10 g) and pyridinhim p-toluene-sulphonate (532 mg) in xylene (100 ml) 
was refluxed, under nitrogen, overnight. The reaction mixture was cooled to room 
temperature, diluted with water (100 ml), and extracted with dichloromethane (3 x 75 
ml). The combined organic extracts were washed with water (3 x 100 ml), brine (100 
ml), dried (CaS0 4 ) and evaporated m-vacuo to yield a pale brown solid. The solid was 
purified by flash chromatography (Si0 2 ; dichloromethane;methanol (50: 1)) to yield the 
title compound (1.027 g, 51%) as a white solid (mp 172-181 °C). 
6 H (250MHz;d 6 DMSO) 1.53-1.85 (8H,m,4 x CH 2 ), 3.70 (3H,s,OMe), 4.18 
(2H,s,CH2), 4.72 (lH,m,CH), 6.69 (lH,dd,ArH), 6.82 (lH,dd,ArH), 6.89 
(lH,d,ArH), 6.93 (lH,d,ArH), 7.02 (lH,dd,ArH), 7.1 1 (!H,t,ArH), 10.22 
(lH,s,ArOH). 

m/z 339 (M*), 271 (M-C^H,), 256,242,228,199,149,137,123,94. 

EXAMPLE 8 

4-acetoxv>2-f3-cvclonenrvloxv-4-methoyvbenzvlVben2oxazole 

(a) 4-acetoxv-2-0-cvrc1opentvloxv-4-methoxvbenzvlVbenzoxazole 

A solution of 2-(3-cyclopentyloxy-4-methoxybenzyl)-4-hydroxybenzoxa2ole 
(200 mg) and acetyl chloride (84 \x\) in pyridine (6 ml) was stirred at room 
temperature, under nitrogen, for 3 hours. The reaction mixture was diluted with 
methanol (20 ml) and evaporated in-vacito to yield a yellow solid. The solid was 
purified by flash chromatography (Si0 2 ; dichloromethane; methanol (50:1)) and 
crystallized from ether/petroleum ether to yield the title compound (119 mg, 53%) as 
a white crystalline solid (mp 65-67°C). 

6 H (250MHz;d 6 DMSO) 1.45-1.92 (8H,m,4 x CH 2 ), 2.35 (3H,s,MeC(0)), 3.70 
(3H,s,OMe), 4.24 ^^CH^, 4.73 (lH,m,CH), 6.82 (lH,dd,ArH), 6.89 
(lH,d,ArH), 6.95 (IH,d,ArH), 7.12 (lH,dd,ArH), 7.36 (lH,t,ArH), 7.58 
(lH,dd,ArH). 

Rf (Si0 2 ;dichloromethane;methanol (50:1)) 0.63. 
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EXAMPLE 9 

4^f5-chlonH2«(2-chloroDhenvl>benzoxazot»7-vnbtit«n-2-one 

(a) 5-Chlorp-2-f 2-chlorophenvl V7-f 3-hvdroxv- 1 -butvnvl Vbenzoxazole 

15.98 g (46.6 mmol) of 7^romo-5-chloro-2^2-dJorophaiyI)-benzoxazoie and 
5 5.48 ml (69.9 mmol) of (±)-3-butyn-2-oI were heated for 6 h at 90-5 °C in 47 ml of 

toluene with 47 ml of triethyiamine, 163.5 mg (233 nmol) of bis-triphenylphosphine- 
paHadium(II)-dichIoride and 8.9 mg (46.6 23 fimol) of copper(I) iodide. The reaction 
was filtered and the solid washed with toluene. The filtrate was evaporated in vacuo 
to dryness, the residue taken up in 1 50 ml of dichloromethane, extracted twice with 50 
10 ml of 1 N HCI, dried with sodium sulfate, and filtered through 120 g of silica gel in a 

column. The title compound (11.11 g) was recovered as an off- white solid. A 
recrystallized sample from di-isopropyl ether had mp 129-3 1 °C. 

(b) 5-Ch1oro-2-f2-chlorophenvlV7-(3-hvdroxvbutvl>-benzoxazole 

1 1 . 1 0 g (33 .4 mmol) of 5-chloro-2-(2-chloropheny])-7-(3 -hydroxy- 1 -butynyl)- 
15 benzoxazole was hydrogenated in 220 ml of ethyl acetate with 3.7 g of neutral Raney- 

nickel as catalyst. After 2.5 hours, H 2 uptake had ceased and the nickel was filtered off. 
The solvent was removed in vacuo and the residue crystallized from di-isopropyl ether 
at 0°C to give 8.33 g (74.2%) of title compound, mp 85-7°C A second crop of 0.47 
g (4.2%) was recovered. 
2 0 (c) 4«f5>chloro>2-f2-chlor oDhenvnbenzoxa2ol-7-vnbutan-2-cme 

7.54 ml of Kiliani solution (30.2 mmol of 0) was added over 6 minutes to a 
solution of 8.80 g (26.2 mmol) of 5-chloro-2-(2-chlorophenyl)-7-(3-hydro)cybutyl)- 
benzoxazole in 90 ml of acetone at -5° to 0°C After 2.5 hours, 5 ml of methanol and 
50 ml of water was added. The acetone was removed in vacuo, the solid suspended, 

2 5 collected, washed with 0. 1 N sulfuric acid until colorless and water and dried to give 

8.68 g of crude product, which was dissolved in 35 ml of dichloromethane and filtered 
through 260 g of silica gel. A first fraction of 100 mg was discarded then 5.94 g were 
recovered and crystallized from di-isopropyl ether to give 5.76 g (65.8%) of title 
compound, mp 109-10°C. 

3 0 Elemental analysis for C !7 H 13 C1 2 N0 2 

Calc: C61.09 H 3.92 N4.19 O 9.57 

Found: C 61.21 H4.24 N4.16 0 9.86. 
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EXAMPLE 10 
2-((3-cvclopentvloxv^methor^ 
hydrochloride 

2<3-cyclopentyloxy^methoxyben2y!)^hydroxyben20xa2ole (0.99 g, 2.91 
mmol) was suspended in acetonitrile (40 ml) containing potassium carbonate (3.12 g, 
22.5 mmol), 2-pyridylmethyl chloride (0.62 g, 3.78 mmol) and sodium iodide (41 mg). 
The resulting mixture was heated at reflux with stirring overnight. The reaction mixture 
was poured onto water (150 ml) and extracted with ethyl acetate (3 x 100 ml). The 
combined organic extracts were washed with water ( 1 50 ml) and brine ( 1 00 ml), dried 
(CaSOJ and evaporated in-vacuo to afford a brown oil. The residue was purified by 
flash chromatography (Si0 2 ; dichloromethane (50:1)) to afford the free base of title 
compound as a colorless oil (0.772 g, 62%). The product was dissolved in ether (50 
ml) and to the resultant solution was added a solution of hydrochloric acid 0 M in 
ether). The resultant colorless precipitate was collected by filtration, washed with ether 
(50 ml) and dried m vacuo over P 2 0 5 at room temperature to afford the title compound 
(0.747 g, 55%) as a colorless powder (mp 121-125°C). 
6 H (250 MHz; d 6 DMSO) 1.52-1.82 (8H,m,4 x CH 2 ), 3.70 (3H,s,OMe), 4.21 
(ZHaCH,), 4.73 (lH,m,CH), 5.56 (2H,s,CH 2 ), 6.82 (lH,dd, ArH), 6.89 
(lH,d,ArH), 6.95 (lH,d,ArH), 7.00 (lH,m,ArH), 7.23-7.29 (2H,m,ArH), 7.67 
(lH,m,ArH), 7.83 (lH,d,ArH), 8.19 (lH,dt,ArH), 8.75 (lH,d,ArH) 

EXAMPLE 1 1 

Protocols for PDE IV, PDE III, and PDE V inhibition activity are set forth 

below: 

Type HI Phosphodiesterase Enzvme Isolation Protocol 

The Type III PDE is isolated from human platelets using a procedure similar 
to that previously described by Washer, R.E. et al., Biochem. Pharmacol., 35:787, 
1986. Briefly, 1-2 units of platelets are suspended in an equal volume of buffer (20 
mM Tris-HCl, pH 7.5, containing 2 mM magnesium acetate, 1 mM dithiothreitol, and 
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is also included in this buffer at a final concentration of 200 jiM. The suspension is 
homo g enized using a polytron and the homogenate centrifuged at 1 00,000 x g for 60 
minutes. This and all subsequent procedures are performed at 0-4 °C. The supernatant 
is then filtered through four layers of gauze and applied to a DEAE-Trisacryl M 
5 column, previously equilibrated with buffer B (20 mM Tris-HCl, pH 7.5, containing 

1 mM magnesium acetate, 1 mM dhhiothreitol and 200 jiM PMSF). After application 
of the sample, the column is washed with several bed volumes of buffer B, after which 
the different forms of PDE are eluted from the column using two successive linear 
NaCl gradients (0.05-0.15 M, 300 ml total; 0.15-0.40 M, 200 ml total). Five ml 
10 fractions are collected and assayed for cyclic AMP and cyclic GMP PDE activity. 

Fractions containing PDE III activity are pooled and dialyzed overnight against 4 L of 
buffer B. The dialyzed PDE III is then concentrated to 10% of the original volume, 
diluted to 50% with ethylene glycol monoethyl ether and stored at -20 °C. PDE III can 
typically be retained for up to four weeks with little or no loss of activity. 

15 

Measuring Type III PDE Activity 
Enzyme activity is assessed by measuring the hydrolysis of [ 3 H]-cyclic AMP, 
as described by Thompson, WJ. et al. t Adv. Cyclic Nucleotide Res. 10:69, 1979. The 
cyclic AMP concentration used in this assay is 0.2 jiM, which approximates to the 
value. Protein concentration is adjusted to ensure that no more than 15% of the 
available substrate is hydrolyzed during the incubation period. 

All test compounds are dissolved in dimethyl sulfoxide (final concentration of 
2.5%). This concentration of dimethyl sulfoxide inhibits enzyme activity by 
approximately 10%. 

Type IV Phosphodiesterase Enzvme Isolation Protocol 
The Type IV PDE is isolated from bovine tracheal smooth muscle using a 
procedure similar to that previously described by Silver, P.J. et ah, Eur. J. Pharmacol. 
150:85,1988.(1). Briefly, smooth muscle from bovine trachea is minced and 
homogenized using a polytron in 1 0 volumes of an extraction buffer containing 1 0 mM 
Tris-acetate (pH 7.5), 2 mM magnesium chloride, 1 mM dhhiothreitol and 2,000 
units/ml of aprotinin. This and all subsequent procedures are performed at 0-4 °C. The 
homogenate is sonicated and then centrifuged at 48,000 x g for 30 minutes. The 
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resulting supernatant is applied to a DEAE Trisacryl M column previously equilibrated 
with sodium acetate and dithiothreitol. After applications of the sample, the column 
is washed with sodium acetate/dithiothreitol, after which the different forms of PDE 
are duted from the column using a linear Tris-HCl/NaCl gradient. Fractions containing 
Type IV PDE are collected, dialyzed and concentrated to 14% of the original volume. 
The concentrated fractions are diluted to 50% with ethylene glycol and stored at - 
20°C. 

Measuring Type TV PDE Activity 
Enzyme activity is assessed by measuring the hydrolysis of [^HJ-cyclic AMP, 
as described by Thompson, WJ. et al., Adv. Cyclic Nucleotide Res. 10:69, 1979- The 
cyclic AMP concentration used in this assay is 0.2 pM, which approximates tHe 
value. Protein concentration is adjusted to ensure that no more than 15% of the 
available substrate is hydrolyzed during the incubation period. M ' : 

All test compounds are dissolved in dimethyl sulfoxide (final concentration of 
2.5%). This concentration of dimethyl sulfoxide inhibits enzyme activity by 
approximately 10%. 

EXAMPLE 12 

20 

Following the above procedures, the PDE III, PDE IV inhibition for the 
compounds of Examples 1-10, and rolipram are tested and compared. The results are 
shown in Table I below: 



10 



15 
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TABLE T 



Example 


pde in 


PDEIV 


1 


>300 


0.08 


2 


>300 


0.01 


3 


>3O0 


0.01 


4 


7.4 


25.10 


5 


1 A 
10 


2.20 


6 


0.6 


1.60 


7 


124.5 


0.50 


8 


158.5 


0.75 


9 


>300 


0.60 


10 


>300 


0.53 


Rolipram 


620 


3.70 



15 

EXAMPLE 13 

7-Aniino>2>fr3-Cvclonentvloxv-4-methoxv>benzvlVbenzoxazole hydrochloride 

2 0 (a) 7>AminO'2-ff3-cvclopentvloxv-4-methoxv)benzvl>-benzoxazole 

2-((3-CycIopentyIoxy-4-methoxy)benzy])-7-nitrobenzoxazole obtained using 
the procedure of Example 6, (0.537 g, 0.0015 mol), was suspended in ethanol (7 ml). 
Raney nickel (0.612 g of a slurry in water) was added and the mixture was heated to 
50°C with stirring. A mixture of hydrazine hydrate (5 ml) and ethanol (2 ml) was 

25 added dropwise. On completion of the addition the reaction mixture was stirred at 

room temperature. After 1 7 hours, the reaction mixture was filtered through celite and 
the residue was washed with ethanol (20 ml). The filtrate was evaporated vacuo and 
the evaporation residue was purified by flash chromatography (Si0 2> chloroform/ethyl 
acetate 20:1 v/v) and afforded the title compound as a pale yellow gum (0.309 g, 

30 0.00091 mol, 63%). 
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6 H (250 MHz; d 6 DMSO) 1.53-1.85 (8H, m, 4 x -CH 2 -), 3.70 (3H, s, -OCH 3 ), 4.17 
(2H, s, Ar-CH 2 -), 4.73 (1H, m, -CH-), 5.44 (2H, bs, -NHJ, 6.56 (1H, d, J= 7.7Hz, 
Ar-H), 6.79-7.01 (5H, m, Ar-H). 

(b) 7-Ammo-2-f f3-Cvc1opentvloxv-4-methoxv > ibenzvIVbenzoxazole hydrochloride 
7-(Amino-2<3-cyclopentyloxy-4-methoxy)benzyl)-benzoxa2K)le (0.521 g, 
0.0016 rnol) was dissolved in ether (50 ml). Hydrogen chloride (3 ml of a 1 M 
solution) was added and the resulting white precipitate was collected by filtration, 
washed with ether (30 ml) and set aside in vacuo over phosphorus pentoxide to afford 
the title compound (0.473 g, 0.0013 mol, 82%) as a white solid (mp 127.0 - 128.5°C, 
corrected). 

6„ (250 MHz; d 6 DMSO) 1.53-1.86 (8H, m,4x -CH 2 -), 3.70 (3H, s, -OCH 3 ), 4.22, 

(2H, s, Ar-CH 2 -C), 4.74 (1H, m, -CH-), 6.19 (3H, bs, -NH 3 *), 6.83 (1H, dd, Ar-H), ■ 

6.89 (1H, d, Ar-H) 6.94-6.97 (2H, m, Ar-H), 7.14-7.24 (2H, m, Ar-H). 

v (KBr Disc) 3086, 3068, 2996, 2957, 2930, 2902, 2872, 2830, 2765, 271 1, 2680, 

2581, 2561, 2367, 2344, 2288, 2003, 1620, 1607, 1591, 1572, 1518, 1494, 1464, 

1443, 1365, 1330, 1264, 1231, 1194, 1166, 1135, 1094, 1031, 998, 967, 936, 879, 

864,817,783,739cm- 1 . 

EXAMPLE 14 

2-ff3-Cvclopentvloxv-4-methoxv)benzvt>-4-methoxv-ben20xazole 

2-((3-Cyclopentyloxy-4-methoxy)benzyI)-4-hydroxy-benzoxazole (0.701 g, 
0.0021 mol) and potassium carbonate (0.351 g. 0.0025 mol) were suspended in 
acetone (25 ml). Dimethyl sulfate (0.194 ml, 0.0021 mol) was added and the 
mixture was heated to reflux. After 17 hours, ammonia (0.4 ml of a concentrated 
solution, p = 0.88kgdnrf 3 ) was added and heating was continued. After 15 minutes, 
the reaction mixture was allowed to cool to room temperature and evaporated /// 
vacuo. The residue was diluted with water (50 ml) and extracted with 
dichloromethane (30 ml, 2 x 50 ml). The organic layers were combined, washed 
with sodium hydroxide (60 ml of a 3 M solution) and water (50 ml), dried over 
calcium sulfate, evaporated in vacuo and purified by flash chromatography (Si0 2 , 
dichloromethane/ethanol/ammonia 500:9: 1 v/v/v) and recrystallisation from 
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ethanol/water to afford the title compound (0.278 g, 0.00079 mol, 38%) as a white 
crystalline solid (mp 59.4 - 61.2°C, corrected). 

6 H (250 MHz; d, DMSO) 1.54.1.86 (8H, m, 4 x -CH 2 -), 3.71 (3H, s, -OCH 3 ), 3.92 
(3H, s, -OCH 3 ), 4.20 (2H, s, Ar-CH 2 -C), 4.74 (1H, m, -CH-), 6.84 (1H, dd,6'-H), 
6.89 (1H, dd,Ar-H), 6.91 (lH,d,5'.H), 6.95 (1H, d, 2'-H), 7.21 (1H, dd, Ar-H), 
7.27 (1H, t, 6-H) 

v (KBr Disc) 3078, 3012, 2965, 2952, 2913, 2896, 2886, 2870, 2840, 1619, 1594, 
1570, 1512, 1498, 1460, 1446, 1430, 1370, 1355, 1344, 1327, 1315, 1284, 1266, 
1232, 1182, 1147, 1093, 1050, 1023, 989, 977, 964, 949, 924, 909, 866, 847, 819, 
782,743,698,676,660,645,635,605 cm* 1 . 

EXAMPLE 15 

2-ff3>CvdonenMoxv-4.methoxv>benrvlW7>rnicotinovI-nmin(>Vhenzoxazole 

NicotinoyI chloride hydrochloride (0.402 g, 0.0023 mol) was added in one 
portion to a solution of 7-amino-2-((3-cyclopentyloxy-4-methoxy)benzyI)- 
benzoxazole (0.498 g, 0.001 5 mol) in pyridine (5 ml). The mixture was stirred at 
room temperature for 5 minutes, then 4-dimethylaminopyridine (0.005 g) was added 
and stirring was continued. After 1 hour, methanol (5 ml) was added and stirring 
was continued. After 16 hours, the reaction mixture was evaporated in vacuo and 
the residue was purified by flash chromatography (Si0 2 , dichloromethane/methanol, 
20:1 v/v) to fiimish a brown solid (0.390 g). The solid was dissolved in 
dichloromethane/ether (15 ml of a 2:1 v/v mixture) and hydrogen chloride (3 ml of a 
1 M solution in ether) was added. A gum was formed. The gum was partitioned 
between dichloromethane (50 ml) and sodium hydrogen carbonate (50 ml of a 
saturated aqueous solution). The dichloromethane layer was dried over calcium 
sulfate and evaporated in vacuo to furnish the title compound (0.213 g, 0.0005 mol, 
37%) as a white powder (mp 163.4 - 165.6°C, corrected). 

6 H (250 MHz; d« DMSO) 1.44-1.80 (8H, m, 4 x -CH r ), 3.68 (3H, s, -OCH 3 ), 4.23 
(2H, s, Ar-CH 2 -d), 4.72 (1 H, m, -CH-), 6.84 (1 H, dd, 6'-H), 6.88 (1 H, d, 5'-H), 
6.98 (1 H, bs, 2'-H), 7.34 (1 H, t, 5-H), 7.42 (1 H, d, Ar-H), 7.56 (1 H, dd, Ar-H), 
7.59 (1 H, dd, pyridine 5-H), 8.33 (1 H, dt, pyridine 4-H), 8.79 (1 H, dd, pyridine 
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6-H), 9.14 (1 H, d, pyridine 2-H), 10.79 (1 H, s, NH) 

v (KBr Disc) 3246, 3229, 3179, 3144, 3109, 3087, 3052, 3004, 2962, 2934, 2910, 
2873, 2856, 2834, 1651, 1630, 1591, 1576, 1545, 1514, 1494, 1478, 1464, 1442, 
1426, 1359, 1323, 1260, 1237, 1192, 1171, 1161, 1141, 1094, 1048, 1026, 996, 
5 970,905,856,817,793,741,707,642,622,607 cm- 1 . 

EXAMPLE 16 

2 -ff3-CvgloDent^loxv-4>methoxv>ben2^1V7-fisonicotinov^afnino>"benzoxazole 
Hydrochloride 

10 

(a) 2-fQ4>clopentvioxv^methowfo 

Isonicotinoyl chloride hydrochloride (0.404 g, 0.0023 mol) was added4n one > 
portion to a solution of 7-arnino-2-((3-cyclopentyloxy-4-methoxy)benzyl)-ben20xazole 

15 (0.496 g, 0.0015 mol) in pyridine (5 ml) containing dimethylaminopyridine (0.005 g). 

The mixture, which contained some suspended solids was stirred at room temperature. 
After 1 h, methanol (5 ml) was added and the mixture was evaporated in vacuo and the 
residue was partitioned between dichloromethane (30 ml) and water (30 ml). The 
layers were separated and the aqueous layer was extracted with dichloromethane (20 

20 ml). The organic layers were combined, dried over calcium sulfate and evaporated in 

vacuo to furnish the title compound (0.48 g, 0.001 1 mol, 74%) as a nearly colourless 
oil which contained about 3% pyridine w/w as judged by proton-NMR. 
6 H (250 MHz; d 6 DMSO) 1.46-1 .80 (8H, m, 4 x -CH r ), 3.70 (3H, s, -OCH 3 ), 4.24 
(2H, s, Ar-CH 2 -C), 4.3 1 (1 H, m, cyclopentyl -CH-), 6.85 (1 H, dd, 6'-H), 6.89 (1 

25 H, d, 5'-H), 6,99 (1 H, dd, 2'-H), 7.36 (1 H, t, 5-H), 7.44 (1 H, dd, Ar-H), 7.58 (1 

H, dd, Ar-H), 7.91 (2H, m, pyridyl-H), 8.82; (2H, m, pyridyl-H), 10.83 (1 H, s, 
NH). 

(b) 2^G-Cvclopentvloxv^methoxv^benzvlV7-(isonicotinovl-aminoVbenzoxazole 
30 hydrochloride 

2-((3-Cyclopentyloxy-4-methoxy)benzyI)-7-(isonicotinoylamino)-benzoxazole 
(0.48 g, 0.001 1 mol) was dissolved in dichloromethane (5 ml). Hydrogen chlpride (5 
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ml of a 1 m solution in ether) was added and the resulting precipitate was collected by 
filtration and set aside at room temperature over phosphorus pentoxide in vacuo to 
afford the title compound (0.489 g, 0.0010 mol, 94%) as a yellow solid (mp 151.2 - 
155. 1°C, corrected) 

6 H (250 MHz; d< DMSO) 1 .45-1.79 (8H, m, 4 x -CH,-), 3.68 (3H, s, -OCHJ, 4.23 
(2H, s, Ar-CH r C), 4.71 (lH.ni, -CH-), 6.83 (1 H, dd, 6'-H), 6.87 (1 H, d, 5'-H), 
6.96 (1 H, bs, 2'-H), 7.36 (1 H, t, 5-H), 7.47 (1 H, d, Ar-H), 7.59 (1 H, d, Ar-H), 
8.24 (2H, d, pyridyl-H), 9.00 (2H, d, pyridyl-H), 1 1.22 (1 H, s, NH) 
v (KBr Disc) 3425, 3186, 3146, 3109, 3081, 3057, 3034, 3016, 2997, 2951, 2904, 
2866, 2830, 2810, 2752, 2705, 2566, 2082, 1680, 1635, 1603, 1573, 1542, 1515, 
1464, 1428, 1365. 1339, 1292, 1262. 1239, 1187, 1165, 1136, 1090, 1073, 1052, 
1028, 997, 969, 941, 911, 880, 835, 791, 744. 71 1, 679, 651 cm"'. 

EXAMPLE 17 

2-((3-Cvclopentvloxv-4-methox v)benzvn-7-f2-nvridine-c«rbonvlaminft>- 
benzoxazole 

A solution of l,l'-carbonyl diimidazole (1.45 g, 0.0089 mol) in 
dichloromethane (10 ml) was added to a suspension of picolinic acid (0.73 7 g, 0.0060 
mol) in dichloromethane (10 ml) under argon at room temperature. As the mixture was 
stirred the suspended solids dissolved. After 2 hours, this solution was added to a 
solution of 7-amino-2-((3-cyclopentyloxy-4-methoxy)benzyl)-benzoxazole (1.006 g, 
0.0030 mol) and pyridine (0.25 ml) in dichloromethane (10 ml) and the mixture was 
stirred at room temperature. After 6 days the reaction mixture was diluted with water 
(50 ml) and extracted with dichloromethane (2 x 50 ml). The organic layers were 
combined, washed with water (2 x 30 ml) and sodium hydrogen carbonate (2 x 50 ml 
of a saturated solution), dried over calcium sulfate, evaporated in vactto and purified 
by flash chromatography (SiOj, petrol/ethyl acetate, 2:1 v/v) to afford the title 
compound (0.269 g, 0.0006 mol, 20%) as an off white solid (mp 1 19.4 - 122.3 °C, 
corrected). 

6 H (250 MHz; d 6 DMSO) 1 .47-1 .81 (8H, m, 4 x -CH,-), 3.71 (3H, s, -OCH,), 4.28 
(2H, s, Ar-CHj-C), 4.75 (1H, m, -CH-), 6.85 (1H, dd, 6'-H), 6.90 (1H, d, 5'-H), 
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7.00 (1H, dd, 2*-H), 7.36 (1H, t, 5-H), 7.52 (1H, d, Ar-H), 7.73 (1H, m, pyridine 
Ar-H), 7.84 (1H, d, Ar-H). 8. 1 1 (1H, dt, pyridine Ar-H), 8.19 (1H, d, pyridine Ar- 
H), 8.77 (1H, d, pyridine Ar-H), 10.66 (1H, s, NH) 

v (KBr Disc) 3336, 2961, 2873, 2836, 1685, 1637, 1618, 1590, 1574, 1536, 1512, 
5 1471, 1447, 1434, 1420, 1352, 1340, 1288, 1260, 1234, 1187, 1163, 1144, 1127, 

1086, 1049, 1023, 997, 964, 946, 924, 904, 888, 851, 813. 789, 772, 740, 686, 
646, 61 1 cm-'. 

EXAMPLE 18 

10 7-f(Benzvloxvc»rbonvn«minoV2-ff3-CvcionentvloTv-4-methoxv>-benzvlV 
benzoxazole 

7-Anuno-2-((3-Cyclopentyloxy-4-methoxy)benzyl)-ben20xazole (0.685 g, 
0.0020 mol) was dissolved in pyridine (10 ml) containing 4-dimethyIaminopyridinei(ca. 

15 0.05 g). Benzyl chloroformate (0.47 ml, 0.56 g, 0.0033 mol) was added dropwise and 

the mixture was stirred at room temperature. After 5.5 hours, water (10 ml) and 
hydrochloric acid (5 ml of a 10 M solution) were added and the mixture was extracted 
with dichloromethane (2 x 25 ml). The dichloromethane extracts were combined, dried 
over calcium sulfate, evaporated in vacuo, and purified by flash chromatography (Si0 2 , 

20 petrol/ethyl acetate 3:1 wv) to furnish the title compound (0.781 g, 0.0017 mol, 82%) 

as a pale brown solid (mp 109.7 - 1 12.2°C, corrected). 

6 H (250 MHz; d 6 DMSO) 1.52-1 .82 (8H, m, 4 x -CH,-), 3.70 (3H, s, -OCH,), 
4.21 (2 H, s, Ar-CH 2 -C), 4.75 (1 H, m, -CH-), 5.16 (2 H, s, Ar-CH,-0), 6.85 (1 H, 
dd, 6'-H), 6.89 (1 H, d, 5'-H). 6.97 (1 H, bs. 2'-H). 7.23-7.44 (8H. m, Ar-H) 9.93 (1 
25 H,s,NH). 

v (KBr Disc) 3436, 3273, 3058, 2952, 2940, 2908, 2870, 2832, 1 702, 1 575, 1 540, 
1516, 1464, 1456, 1441, 1426, 1350, 1272, 1263, 1257, 1243, 1199, 1160, 1146, 
1127, 1100, 1068, 1042, 1029, 1004, 967, 898, 852. 845. 803. 787, 770. 757, 742, 
697, 677, 620,613cm-'. 
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EXAMPLE 19 

2-(f5>Cvct onentyloxv^methoxv)benrvlW7-bromf>-hen7nrfl7ft]p 

(a) 2-Bromo-6-nitrophenol 
5 ter/-Butyiamine (7.6 ml) in toluene (50 ml) was cooled to -20°C. Bromine (1.7 

ml, 5.4 g, 0.034 mol) in dichloromethane (10 ml) was added dropwise and the mixture 
was cooled to -72°C. 2-Nitrophenol (5.06 g, 0.036 mol) in dichloromethane (10 ml) 
was added over 0.25 hours and on completion of the addition the mixture was allowed 
to warm to room temperature. After 18 hours, the reaction mixture was acidified with 

10 concentrated HQ, diluted with water (1 50 ml) and extracted with ethyl acetate (2 x 

1 00 ml, 50 ml). The organic extracts were combined, washed with water (200 ml) and 
brine (100 ml), dried over calcium sulfate, evaporated in vacuo, and purified by flash 
chromatography (SiO* petrol/dichloromethane 2: 1 v/v) to furnish the title compound 
as a highly crystalline yellow solid contaminated with 18%w/w 2,4-di-bromo-6- 

15 nitrophenol (2.05 g, 82%pure, 0.0077 mol, 21%) 

6 H (250 MHz; d 6 DMSO) 2-bromo-6-nitrophenol 7.00 (1 H, dd, 4-H), 7.92 -7.98 (2 
H, m, Ar-H), 11.1 (1 H, bs, Ar-OH) 

6„ (250 MHz; d 6 DMSO) 2,4-di-bromo-6-nitrophenol 8.12 (IH, d, Ar-H), 8. 19 
(1H, d, Ar-H) 

20 (b) 6-Amino-2-bromophenol 

2-Bromo-6-nitrophenol (1.506 g, 0.0057 mol, containing 2,4-di-bromo-6- 
nitrophenol, 18% w/w) and sodium hydrosulfite (3.05 g, 85%, 0.015 mol) were heated 
at reflux in ethanol/water (50 ml of a 5:1 v/v mixture). After 2 hours, the reaction 
mixture was diluted with water (150 ml) and extracted with dichloromethane (3 x 50 

2 5 ml), and ethyl acetate (100 ml). The organic extracts were combined, dried over 

calcium sulfate, evaporated in vacuo, and purified by flash chromatography (Si0 2 , 
petrol/ether 1 : 1 v/v) to furnish a mixture of the title compound and 6-amino-2,4-di- 
bromophenol (0.600 g, of a 76:24 w/w mixture as judged by 1 H-NMR). Yield 6- 
amino-2-brornophenol, 43%. 

30 6„ (250 MHz; d 6 DMSO) 6-Amino-2^bromophenol ca5.3 (2H, bs, -NHJ, 6.51 (iH, 

t, 4-H), 6.63 (lH,dd, Ar-H), 6.66 (1H, dd, Ar-H) 
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6„ (250 MHz; d 6 DMSO) 6-Amino-2,4-di-bromophenol 6.73 (1H, d, Ar-H), 6.77 
(1H, d, Ar-H) 

(c) 2-Bromo-6-rf3-cvclopentvloyv-4-methoxv>phenvl)acetamido«Dhenol 

A solution of 3-cyclopentyloxy-4-methoxyphenylacetic acid (2.997 g, 0.012 
5 mol) in dichloromethane (30 ml) was added to a slurry of 1,1 -carbonyl diimidazole 

(2.19 g, 0.014 rnol) in dichloromethane (15 ml) and the mixture was stirred at room 
temperature. After 2 hours, a portion (1 1 ml) of this solution was added dropwise to 
a solution of 6-amino-2-bromophenol (0.59 g of a mixture containing 6-amino-2-di- 
bromophenol (0.45 g, 0.0024 mmol), and 6-amino-2,6-di-bromophenoI (0.14 g, 0.0005 

10 mol)) in dichloromethane (5 ml) and the mixture was stirred at room temperature. 

After 64 hours, the mixture was washed with water (15 ml) and the aqueous washings 
were extracted with dichloromethane. The organic extracts were combined, drifd over 
calcium sulfate, evaporated and purified by flash chromatography . (Si0 2 , 
dichloromethane/ethanol/ammonia 750:18:2 v/v/v) to furnish a 4:1 w/w (as judged by 

15 *H NMR) mixture of the title compound and 6-((3-cyclopentyloxy-4-methoxy)phenyl)- 

2,4-di-bromo-acetamido-phenol (0.693 g) as a viscous yellow oil. 
6 H (250 MHz; CDC1 3 ) 1.5-2.0 (8H, m, 4 x -CH r ), 3.74 (2H, s, Ar-CH r ), 3.88 (3H, 
s, -OCH 3 ), 4.80 (1H, m, -CH-), 6.75 (1H, t, 4-H), 6.80 - 6.93 (3H, m, Ar-H), 7.27 
(1H, m, Ar-H), 7.50 (1H, dd, Ar-H), 7.54 (lH t s, Ar-OH), 7.55 (1H, bs, -NH-). 

20 Two peaks directly attributable to the 3-H and 5-H in 6-((3-cycIopentyloxy-4- 

methoxy)phenyI)-2;4-di-bromo-acetamido-phenol are observed. 
6 H (250 MHz; CDC1 3 ) 7.39 (1 H, d, Ar-H), 7.81 (1 H, d, Ar-H) 

(d) 2-a3-cvclop entvloxv-4>methoxv>benzvl)-7-bromo-benzoxazole 
2-Bromo-6-((3-cyclopentyloxy-4-methoxy)phenyI)acetamido-phenoI (0.693 g, 

25 80%, 0.0013 mol) was heated at reflux in xylene (25 ml) containing pyridinium 

toluenesulfonate (0.124 g, 0.0005 mol). After 22 h the reaction mixture was cooled to 
room temperature, diluted with water (40 ml) and extracted with dichloromethane (3 
x 40 ml). The organic extracts were combined, washed with water (2 x 40 ml) and 
brine (2 x 40 ml), dried over calcium sulfate, evaporated in vacuo and purified by flash 

3 0 chromatography (SiO>, dichloromethane/ ethanol/ ammonia 750: 18:2 v/v/v) to furnish 

the title compound (0.287 g, 0.00071 mol, 54%) as a pale brown solid (mp 48.3 - 
51.4°C, corrected). 
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6 H (250 MHz; <!« DMSO) 1.51-1.86 (8H, m, 4 x -CH 2 -), 3.71 (3H, s, -OCH,), 4.28 
(2 H, s, Ar-CH r ), 4.74 (1 H, m, -CH-), 6.85 (1 H, dd, 6*-H), 6.91 (1 H, d, 5'-H), 
6.98 (1 H, d, 2--H), 7.29 (1 H, t, 5-H), 7.57 (1 H, dd, Ar-H), 7.69 (1 H, d, Ar-H) 
v (KBr Disc) 3070, 3016, 2949, 2865, 2841. 1610, 1593, 1566, 1513, 1471, 1452, 
1443, 1423, 1360, 1336, 1306, 1273, 1257, 1235, 1218, 1187, 1163, 1147, 1132, 
1091, 1023, 999, 970, 930, 899, 866, 852, 806, 781, 764, 736, 671, 630, 616 cm*'. 

EXAMPLE 20 

2^f3^-D?-i5onroDvl-4-hvdroTv^he nzvlW-hvrir«)xv-benznifl»fll«> 

(a) N-ff3.5-Di -}sopropvt-4-hvdrDxv , >benzvhDiperidinft 

Piperidine (4.5 ml, 3.9 g, 0.046 mol) in ethanol (volume not recorded) was 
added to a stirred solution of formaldehyde (3 ml, of a 37% w/w solution in water) in 
ethanol (8 ml) at 0°C. The mixture was allowed to warm to ambient temperature and 
2,6-di-isopropylphenol (7.2 g, 0.040 mol) was added. The mixture, which was 
originally colorless, became green as stirring continued at room temperature. After 1 
hour, the reaction mixture was heated to reflux. After a further 3 h the reaction mixture 
was poured onto water (450 ml), acidified to pH 1 (concentrated hydrochloric acid) 
and extracted with ether (2 x 100 ml). The aqueous layer was neutralised to pH 7 
(concentrated sodium hydroxide) under a layer of ether (300 ml) whilst undergoing 
vigorous stirring The layers were separated and the aqueous layer was extracted with 
ether ( 1 00 ml). The neutral ether extracts were combined, dried over calcium sulfate 
and evaporated in vacuo to furnish the title compound^ 1 2.06 g, 0.044 mol, 1 1 0%) as 
a pale pink oil which solidified on standing. 

6 H (250 MHz; d 6 DMSO) 1.12(1 2H, d, 2 x -CH(CH 3 ),), 1 .30 - 1 .55 (6H, m, -N- 
CH 2 CH 2 CH 2 CH r ), 2.26 (4H, bs, -CH,-N-CH 2 -), 3.26 (2H, m, -CH(CH 3 ) 2 ), 3.28 
(2H, s, ArCHj-), 6.85 (2H, s,2'-,6'- Ar-H), 7.89 (1H, bs, Ar-OH) 
(b) 0.5-Di-isopropvI-4-hvdroxv1phenvlacetonitrile 

N-((3,5-Di-isopropyl-4-hydroxy)benzyl)piperidine (5.46 g, 0.020 mol) was 
dissolved in ether (150 ml). Iodomethane (3.8 ml, 8.7 g, 0.06 mol) was added and the 
mixture was allowed to stir at room temperature. After 42 hours, a thick white 
precipitate had formed. This was removed by filtration and dried in vaaio. The 
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resulting white solid (6.03 g) was suspended in isopropanol/water (40 ml of a 10:1 v/v 
mixture). Potassium cyanide (1.84 g, 0.028 mo!) was added and the mixture was 
stirred at reflux for 5 hours, then at room temperature for 1 6 hours, then at reflux for 
a further 2 hours. The mixture was then diluted with water (100 ml) and extracted with 
ethyl acetate (100 ml, 2 x 50 ml). The ethyl acetate extracts were combined, washed 
with water (2 x 75 ml) and brine (50 ml), dried over calcium sulfate and evaporated in 
vacuo to furnish a green oil (3.405 g) which was purified by flash chromatography 
(SiO z , petrol/ethyl acetate 9:1 v/v) to afford the title compound^. 26 g, 0.015 mol, 
76%, Rf 0.1 3). 

5 H (250 MHz; d 6 DMSO) 1.13 (12H, d, 2 x -CH^U 3.28 (2 H, m. -CH(CH 3 U 
3.85 (2 H, s, ArCH 2 -), 6.93 (2 H, s, 2'-,6'- Ar-H), 8.17 (1 H, bs, Ar-OH). 

(c) r3.5-Di>isopropvl-4>hvdroxv^phenvlacetic Acid ; 

(3,5-Di-isopropyl-4-hydroxy)phenyIacetonitrile (2.86 g, 0.013 mol) was 
dissolved in ethanolAvater (40 ml of a 4: 1 v/v mixture) and heated to reflux. After 24^ 
hours, the reaction mixture was cooled to room temperature and poured into water (70 
ml), acidified to pH 1 with concentrated hydrochloric acid and set aside at 4°C. After " 
16 hours, the mixture was made basic with sodium hydroxide and extracted with ether 
(150 ml). The aqueous layer was acidified to pH 1 with concentrated hydrochloric acid 
and extracted with ether (150 ml, 50 ml). The acidic ether extracts were combined, 
dried over calcium sulfate and evaporated /// vacuo to furnish the title compound (2. 1 0 
g, 0.0089 mol, 68%) as pale brown oil which slowly crystallised in vacuo. 
6 H (250 MHz; d 6 DMSO) 1.13 (12H, d, 2 x -CH(CH 3 ) 2 ), 3.27 (2 H, m, -CH(CH 3 ) 2 ), 
3.41 (2 H, s, ArCH 2 -), 6.85 (2 H, s, 2'-,6'- Ar-H), 7.95 (1 H, bs, Ar-OH). 

(d) 2-Aminoresorcinol 

2-Nitroresorcinol (4.995 g, 0.032 mol) was suspended in ethanol (90 ml). 
Platinum(IV) oxide (0.356 g) was added and the mixture was shaken under an 
atmosphere of hydrogen (pH 2 lOOpsi). After 2.75 hours (pH 2 90psi) the reaction 
mixture was filtered through celite. The residue was washed with methanol (50 ml) 
and the combined filtrate and washings were evaporated hi vacuo at 30° C. During 
the course of the evaporation the solution, which was originally pale yellow, 
darkened considerably. A brown solid was obtained which was suspended in 
dichloromethane (100 ml) and re-evaporated to dryness. Yield 3.83 g (0.031 mol, 
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95%). 

6h (250 MHz; d« DMSO) 3.85 (2H, bs, -NH 2 ), 6. 16-6.29 (3 H, m, Ar-H), 8.85 (2 H, 
bs,-OH) 

6 C (63 MHz; d* DMSO) 106.7 (protonated aromatic C), 1 15.7 (protonated aromatic 
C), 123.8 (quaternary aromatic C), 144.9 (quaternary aromatic C). 
(e) 2-(f3.5-D?-i50Propvl-4-hvdroxvphenvl^ acetvlamirinWesorcinn> 

(3,5-Di-isopropyl-4-hydroxyphenyI)acetic acid (2.08 g, 0.009 mol), suspended 
in dichloromethane (12 ml), was added, under argon, to a stirred suspension of 1,1- 
carbonyl diimidazole (1 .74 g, 0.01 1 mol) in dichloromethane (20 ml) and the mixture 
was stirred at room temperature. After 2 hours, this mixture was added to a suspension 
of2-aminoresorcinol (1.52 g, 0.012 mol) in dichloromethane (20 ml) and the mixture 
was stirred at room temperature. After 1 8 hours, the reaction mixture was washed with 
water (60 ml) and the aqueous wash was extracted with ethyl acetate (4 x 80 ml). The 
organic extracts were combined, dried over calcium sulfate and evaporated in vacuo 
and purified by flash chromatography (SiO„ dichloromethane/ethanol/ammonia, 
750: 18:2 v/v/v). to afford the title compound (1 .7 g, 0.0050 mol, 56%). 
c„ (250 MHz; d 6 DMSO) 1.15 (12H, d, 2 x -CH(CH,) 2 ), 3.28 (2 H, m, -CH^W, 
3.62 (2 H, s. ArCH 2 -), 6.35 (2 H, d, 4-,6-H), 6.87 (1 H, t, 5-H), 7.00 (2 H, s, 2'-,6'-H), 
7.95 (1 H, bs, -NH-), 9.46 (3 H, bs, Ar-OH). 

(f) 2-<( 3 . 5-Di-isoproPvl-4-hvdroyv^hen ^l ^hvdrnxv-benzoxagnle 

2-((3,5-Di-isopropyl-4-hydroxyphenyl)acetylamido)resorcinol (1.7 g, 0.0050 
mol) and pyridinium toluenesulfonate (0.440 g, 0.001 8 mol) were suspended in 
xylene (50 ml) and heated to reflux. After 17 hours, the reaction mixture was 
allowed to cool, diluted with ethyl acetate (80 ml) and washed with water (2 x 100 
ml) and brine (2 x 1 00 ml), evaporated /// vacuo and purified by flash 
chromatography (Si0 2 , dichloromethane/ethanol/ammonia 750:18:2 v/v/v) to afford 
the title compound (0.830 g, 0.0026 mol, 52%) as a pale brown solid (mp 143.5 - 
149.9°C, corrected). 

6 H (250 MHz; d 6 DMSO) 1 . 12 (12H, d, 2 x -CH(CHj) 2 ), 3.27 (2 H, m, 2 x - 
CH(CH 3 ) 2 ), 4.14 (2 H, s, Ar-CH), 6.70 (1 H, dd, Ar-H), 6.95 (2 H, s, 2 , -,6 , -H), 
7.03 (1 H, dd, Ar-H), about 7.1; (1 H. bs, Ar-OH), 7.1 1 (] H, t, 6-H), 8.07 (1 H, 
bs, Ar-OH). 
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v (KBr Disc) 3474, 2960, 2930, 2872, 1731, 1627, 1616, 1569, 1505, 1461, 1384, 
1365, 1344, 1321, 1288, 1267, 1201, 1141, 1125, 1075, 1054, 1041, 776, 740 cm- 1 . 

EXAMPLE 21 

2«ff3,5-DimethvM-hvdroxv>benzvlV4>hvdroxvbenzoxazolg 

(a) . N>ff3-5»Dimethvl-4-hvdroxv)benzvI^piperidine 

Piperidine(4.5 ml, 3.9 g, 0.046 mo!) in ethanol (4.5 ml) was added to a stirred 
solution of formaldehyde (3 ml, of a 37% w/w solution in water) in ethanol (8 ml) at 
0°C. The mixture was allowed to warm to ambient temperature and 2,6- 
dimethyiphenol (4.98 g, 0.041 mol) in ethanol (10 ml) was added. After 1.5 hours, the 
reaction mixture was heated to reflux. After a further 4 hours, the reaction mixture was 
poured onto water (500 ml), acidified to pH 1 (concentrated hydrochloric acid) and 
extracted with ether (150 ml). The aqueous layer was neutralized to pH---7* 
(concentrated sodium hydroxide) under a layer of ether (300 ml) while undergoing; 
vigorous stirring. The layers were separated and the aqueous layer was extracted witti v 
ether (2 x 100 ml). The neutral ether extracts were combined, dried over calcium 
sulfate and evaporated in vacuo to furnish the title compound (9.28 g, 0.042 mol, 
104%) as a pink solid. 

5h (250 MHz; d, DMSO) 1.30- 1 .55 (6H, m, -N-O* C£| C££ Cft -), 2. 1 1 (6H, s, 2 
- X-OU2.25 (4H,bs,-CH r N-CH r ),3.18(2H,s, ArCH r ), 6.77 (2 H, s, 2X6V Ar- 
H), 8.05 (1 H, bs, Ar-OH) 

(b) (3.5-Dimethvl>4-hvdroxv)phenvlacetonitrile 
N-((3,5-Dimethyl-4-hydroxy)ben2yl)piperidine (9.2 g, 0.042 mol) was 

dissolved in ether (70 ml). Iodomethane (5.4 ml, 12.3 g, 0.086 mol) was added and the 
mixture was set aside at room temperature. After 18 hours, a thick gum had formed. 
The supernatant liquor was removed and the gum was washed with ether and 
suspended in isopropanol/water (100 ml of a 10:1 v/v mixture). Potassium cyanide 
(5.48 g, 0.084 mol) was added and the mixture was stirred at reflux for 1.5 hours, then 
at room temperature for 16 hours. Water (100 ml) was added and the mixture was 
extracted with ethyl acetate (300 ml, 3 x 200 ml). The ethyl acetate extracts were 
combined, washed with water (400 ml) and brine (250 ml), dried over calcium sulfate 
and evaporated in vacuo to furnish the title compound (5.72 g, 0.035 mol, 82%). 
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2\&- Ar-H), 8.32 (1 H, bs, Ar-OH). 

(c) (3.5-Dimet hvl-4-hvdroxvmhenvlaceticacid 

(3,5-Dimethyl^hydroxy)phen>dacetonitrUe (5.72 g, 0.035 mol) was dissolved 
in ethanol/water (100 ml of a 4: 1 v/v mixture). Sodium hydroxide (1 1 . 1 1 g, 0.28 mol) 
was added and the mixture was heated to reflux. After 24 hours, the reaction mixture 
was cooled to room temperature and poured into water (300 ml), acidified to pH 1 
with concentrated hydrochloric acid and extracted with ether (200 ml, 2 x 150 ml). The 
acidic ether extracts were combined, extracted with saturated sodium carbonate 
solution (200 ml, 2 x 100 ml, 50 ml). The aqueous layers were combined, acidified to 
pH 1 with concentrated hydrochloric acid and set aside at 4°C. A precipitate formed 
which was isolated by filtration, washed with water (200 ml) and set aside in vacuo to 
furnish the title compound (3.54 g, 0.020 mol, 55%) as pale brown solid. 
5 H (250 MHz; d, DMSO) 2.14 (6H, s. 2 x -CH,), 3.35 (2 H. s, ArCH,-). 6.78 (2 H, 
s, 2\6'- Ar-H), 8.10 (1 H, bs, Ar-OH), 12.15 (1 H, bs, -COOH). 
( d ) 2-a3.5-Dimethvl-4-hvdroxvDhenv hacetvlaTnirif))resorcinnl 

(3,5-Dimethyl-4-hydroxyphenyI)acetic acid (3.50 g, 0.019 mol), suspended in 
dichloromethane (30 ml), was added, under argon, to a stirred suspension of 1,1'- 
carbonyl diimidazole (4.21 g, 0.026 mol) in dichloromethane (30 ml) over 0.25 hours 
and the mixture was stirred at room temperature. After 2.5 hours, this mixture was 
added over 0.75 hours to a suspension of 2-aminoresorcinol (4.2 g, 0.034 mol) in 
dichloromethane (40 ml) and the mixture was stirred at room temperature. After 18 
hours, the reaction mixture was washed with water (100 ml) and 1 M hydrochloric acid 
(200 ml). The aqueous layers were combined and extracted with ethyl acetate (4 x 100 
ml). The organic extracts were combined, washed with water (2 x 100 ml) and brine 
(100 ml), dried over calcium sulfate, evaporated in vaato, and purified by flash 
chromatography (Si0 2 , dichloromethane/methanol, 50:1 v/v). to afford the title 
compound (2.20 g, 0.0077 mol, 39%). 

6 H (250 MHz; d* CDC1,) 2.23 (6H, s, 2 x -CH 3 ), 3.70 (2 H, s. Ar-CH 3 ), 6.44 (2 H, d, 
4-,6-H), 6.91 (1 H t, 5-H), 6.96 (2 H, s, 2'-,6'-H), 7.88 (1 H, bs, -NH-). 
(e) 2-(f3.5-Dimethvl-4-hvdr oxv>ben2vlV4.hvdroxv-hftnzoxazole 

2-((3,5-Dimethyl-4-hydroxyphenyl)acetylamido)resorcinol (2.2 g, 0.0077 mol) 
and pyridinium toluenesulfonate (0.580 g, 0.0024 mol) were suspended in xylene ( 1 00 
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ml) and heated to reflux. After 17 hours, the reaction mixture was allowed to cool, 
diluted with ethyl acetate (200 ml) and washed with water (2 x 200 ml) and brine (2 
x 150 ml), evaporated in vacuo and purified by flash chromatography (SiO^ 
dichloromethane/methanol 25:1 v/v, 50:1 v/v, 100:1 v/v, petrol/ether 1:1 v/v) to afford 
the title compound (0.400 g, 0.0015 mol, 19%) as an off-white solid (mp 202.9 - 
212.9°C, corrected). 

6h (250 MHz; d*DMSO) 2.12 (6H, s, -CHj), 4.06 (2H, s, Ar-CH r C), 6.70(1 H, dd, 
Ar-H), 6.86 (2H, s, 2'-,6'-H), 7.01 (1 H, d, Ar-H), 7.10 (1 H, t, 6-H), 8.14 (1 H, bs, 
Ar-OH), 10.14 (1 H, bs, Ar-OH) 

v (KBr Disc) 3428, 3127, 1616, 1507, 1485, 1453, 1337, 1305, 1264, 1247, 1196, 
1 166, 1 148, 1058, 1040, 737 cm" 1 . 

EXAMPLE 22 

2-ff3.S-Pi^biitvU4-hvdro3cv>benzvl-7-f2>f2-pvridvtWethvnvl>-benzoxftzole 

(a) 2-Bromo-6-f 3.5-di-/-butvM-hvdroxvphenvDacetvlamido-phenol 

(3,5-Di-f-butyl-4-hydroxyphenyI)acetic acid (5.03 g, 0.019 mol) in 
dichloromethane (20 ml) was added dropwise over 0.25 hours to a stirred solution of 
1,1-carbonyI diimidazole (4.68 g, 0.029 mol) in dichloromethane (60 ml). After 2 
hours, this solution was added dropwise over 0.5 hours to a solution of 6-amino-2- 
bromophenol (4.30 g of a mixture containing 6-amino-2-di-bromophenoI (3 .60 g, 
0.019 mmol), and 6-amino-2,6-di-bromophenol (0,70 g, 0.003 mol)) in 
dichloromethane (30 ml). After 1 8 hours, the reaction mixture was diluted with ethyl 
acetate (200 ml) and washed with 2 M hydrochloric acid (100 ml), and water, dried 
over magnesium sulfate, evaporated //; vacuo, and purified by flash chromatography 
(Si0 2 , dichloromethane) to furnish a 4:1 w/w (as judged by 'H NMR) mixture of 2- 
bromo-6-(3,5-di-/-butyl-4-hydroxyphenyl)acetylamido-phenol and 2,4-di-bromo6- 
(3,5-di-t-butyl-4-hydroxyphenyl)acetylamido-phenol (6.90 g) as a pale pink solid. 
6 H (250 MHz; d 6 DMSO) 1.37 (18 H, s, 2 x (-CH&\ 3.62 (2 H, s, Ar-CH 2 -), 6.78 (1 
H, dd, Ar-H), 6.88 (1 H, s, -OH) 7.09 (2 H, s, 2 , -,6'-H), 7.33 (1 H, dd, Ar-H), 7.43 (1 
H, dd, 6-H), 9.92 (1 H, bs, -NH-), 10.02 (1 H, s, -OH). 

A signal at 6 = 7.51 ppm (d) was attributable to 2,4-di-brorno-6-(3,5-di-M>utyI-4- 
hydroxyphenyl)-acetylamido-phenol. 
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(b) 7.Bromo-2-(f3S-di-f -butvt-4-hvdroxv , )benzvn-benzoxa2nle 

2-Bromo^3,5-di^-butyl-4-hydroxyphenyl)acetylarnido-pheno! (6.90 g, 80%, 
0.013 mol) and pyridinium toluenesulfonate (1.37 g, 0.0055 mol) were suspended in 
xylene (1 65 ml) and heated to reflux. After 1 7 hours, the reaction mixture was allowed 
to cool, diluted with water (200 ml) and extracted with ethyl acetate (3 x 1 00 ml). The 
organic extracts were combined, dried over magnesium sulfate, evaporated in vacuo 
and purified by flash chromatography (SiO* dichloromethane/petrol 2:1 v/v) to afford 
the title compound (4.90 g, 0.0015 mol, 92%) as an off-white solid. 
6h (250 MHz; d< DMSO) 1.35 (18 H, s, 2 x (-CH^), 4.24 (2 H, s, Ar-CH 2 -), 6.95 (1 
H, s, -OH) 7.14 (2 H, s, 2'-,6'-H), 7.28 (1 H, dd, 5-H), 7.57 (1 H, dd, 6-H), 7.69 (1 H, 
dd, Ar-H). 

(c) 2-r(3.5-Di-/-butvl-4.hvdroxv)benzvl-7-f2.f 0-pvridvlV e thvnvlVben7.oy a rnlR 
Argon was bubbled through a mixture of 7-bromo-2-((3,5-di-t-butyl-4- 
hydroxy)benzyl)-benzoxazole, (1.002 g, 0.0024 mol), copper(I) iodide (2 mg), and 2- 
ethynylpyridine (0.320 ml, 0.326 g, 0.0032 mol) in triethylamine (6 ml). After 0.75 
hours bis(triphenylphosphine)palladium(II) dichloride (0.045 g, 0.00006 mol) was 
added and the reaction mixture was flushed with argon for a further 5 minutes then 
heated to 90°C. After 1 .5 hours, a new product was observed by TLC (Si0 2 , 
petrol/diethyl ether 1:1 v/v) together with both starting materials. Further portions of 
2-ethynylpyridine were added after 2 hours (0.100 ml, 0.102 g, 0.0099 mol) and 4.5 
hours (0.200 ml, 0.204 g, 0.0020 mol). No change was observed by TLC. An 
additional portion of bis(triphenylphosphine)paIladium(II) dichloride (0.02 g, 0.00003 
mol) was also added after 4.5 hours and the mixture was stirred at 90°C for a further 
3 hours and at ambient temperature for a further 16 hours. No change was observed 
by TLC. The reaction mixture was evaporated in vacuo and purified by flash 
chromatography (Si0 2 , petrol/ether 1:1 v/v) to furnish the title compound (0.225 g, 
0.0005 1 mol, 21 %) as a dry khaki foam. 

6 H (250 MHz; d 6 DMSO) 1.35 (18 H, s, 2 x -C(CH 3 ) 3 ), 4.27 (2 H, s, Ar-CH^, 6.89 
(1 H, bd, -OH), 7. 17 (2 H, s, 2"-H and 6'-H), 7.41 (1 H, dd, 5-H), 7.47 (1 H, m, Py-H), 
7.60 (1 H, d, Ar-H), 7.68. (1 H, d, Py-H), 7.76 (1 H. d, Ar-H), 7.89 (1 H, m, Py-H), 
8.64 (1 H, m, Py-H). 

v (KBr Disc) 3633, 3450, 2956, 2927, 2912, 2871, 2221, 1604, 1582, 1564, 1488, 
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1462, 1424, 1400, 1390, 1361, 1315, 1279, 1259, 1236, 1212, 1189, 1148, 1136, 
1121, 1095, 1048, 1036, 989, 822, 795, 776, 741 cm" 1 . 

EXAMPLE 23 
2^f3.S-PMsopropvl4-hvdroxvlben^^ 

(a) 2-Bromo-6 >f3.5>di-isopropvl-4>hvdroxvphenvnacetvlamido- P henol 

(3,5-Di-isopropyl-4-hydroxyphenyI)acetic acid (6.28 g, 0.027 mol) in 
dichloromethane (40 ml) was added to a stirred solution of 1,1-carbonyl diimidazole 
(6.50 g, 0.04 mol) in dichloromethane (40 ml). After 1 hour, a solution of 6-arnino-2- 
bromophenol (4.0 g of a mixture containing 6-amino-2-di-bromophenoI (3 .3 5 g, 0.0 1 8 
mmol), and 6-amino-2,6-di-bromophenol (0.65 g, 0.0024 mo!)) in dichloromethane (2Sr ■ 
ml) was added and the mixture was stirred at room temperature. After 20 hours, the- 
mixture was washed with 1 M hydrochloric acid (2 x 80 ml), evaporated /// vacuo, ancf p 
purified by flash chromatography (Si0 2 , petrol/ether 1:1 v/v, ether, and 
dichloromethane/methanol 20:1 v/v) to furnish a 17:3 w/w (as judged by ! H-NMR) 
mixture of 2-bromo-6-(3,5-di-isopropyl-4-hydroxyphenyI)acetylamido-phenol and 2,4- 
di-bromo-6-(3,5-d-isopropyl-4-hydroxyphenyl)acetylamido-phenol (5.70 g) as a yellow 
solid. 

6 H (250 MHz; CDC1 3 ) 1.25 (12H, d, 2 x -CH(CH 3 U 3.15 (2 H, m, 2 x -CH(CH 3 U 

3.71 (2 H, s, ArCH 2 -), 4.87 (1 H, s, -OH), 6.71 (1 H, t, 5-H), 6.98 (2 H, s, 2'-,6'-H), 

7.25 (1 H, dd, Ar-H), 7.41 (H, dd, Ar-H), 7.53 (1 H, bs, -NH-), 7.65 (1 H, s, Ar-OH). 

Two signals at 6 = 7.36 (d) ppm and 7.77 (d) are attributable to 2,4-di-bromo-6-(3,S- 

di-isopropyI-4-hydroxyphenyl)acetylamido-phenol. 

(b) 7-Bromo-2-( 3.5-di-isopropvl-4-hvdroxv-benzvlVbenzoxazole 

2-Bromo.6-(3,5.di-isopropyl-4-hydroxyphenyI)acetylamido-phenol (2.97 g, 
85%, 0.065 mol) and pyridinium p-toluenesulfonate (0.612 g, .0.0024 mol) were 
suspended in xylene (85 ml) and heated to reflux. After 1 6 hours, the reaction mixture 
was allowed to cool, diluted with water (140 ml) and extracted with ethyl acetate (2 
x 70 ml). The organic extracts were combined, washed with water (70 ml), and brine 
(70 ml), dried over magnesium sulfate, evaporated in vaato and purified by flash 
chromatography (SiO* dichloromethane) to afford the title compound (1 .44 g, 0.0039 . 
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mol, 60%) as a yellow solid. 

6„ (250 MHz; CDCI3) 1.28 (12H, d, 2 x -CHCC&U 3.15 (2 H, m, 2 x -CH/CH^, 
.4.22; (2 H, s, ArCH 2 -). 4.87 (1 H, s, -OH), 7.13 (2 H, s, 2 , -,6 , -H), 7.19 (1 H, t, 5-H), 
7.44 (1 H, d, Ar-H), 7.61 (1 H, d, Ar-H). 
(c) 2-(f3.5-dHsoiroDvl-4-hvdroxvM>enzv^ 

Argon was bubbled through a mixture of 7-bromo-2-((3,5-di-isopropyl-4- 
hydroxy)benzyl>benzoxazole, (0.785 g, 0.0020 mol), copper(I) iodide (4 mg), and 2- 
ethynylpyridine (0.400 ml, 0.408 g, 0.0040 mol) in triethylamine (12 ml). After 0.5 
hours bis(triphenylphosphine)palladium(II) dichloride (0.074 g, 0.0001 mol) was added 
and the reaction mixture was flushed with argon for a further 5 minutes then heated to 
90°C. After 1 6 hours, the reaction mixture was evaporated in vacuo and purified by 
flash chromatography (SiO* petrol/ether 1:1 v/v) and crystallized from ether to furnish 
the title compound (0.318 g, 0.00078 mol, 38°/o) as a green crystalline solid (mp 145.4- 
148.8°C). 

6 H (250 MHz; d 6 DMSO) 1. 10 (12H, d, 2 x CHCC&W, 3.25 (2 H, m,2 x QHCCH^ 
4.25 (2H,s, -CH r ), 7.03 (2H, s, 2'-H and 6'-H), 7.39 (1H, t, 5-H), 7.45 (1H, m, Py- 
H), 7.59 (1H, d, Ar-H), 7.67 (1H, d, Py-H), 7.80 (1H, d, Ar-H), 7.89 (1H dt, Py-H), 
8 .04 ( 1H, s, Ar-OH), 8.64 ( 1 H, bd, Py-H) 

v (KBr Disc) 3280, 2958, 2927, 2868, 2219, 1731, 1721, 1706, 1702, 1691, 1687, 
1676, 1591, 1581, 1562, 1463, 1443, 1423, 1319, 1292, 1281, 1260, 207, 1157, 1145, 
1 122, 1047, 795, 777, 740 cm-'. 

EXAMPLE 24 

Following the procedures set forth in Examples 11 and 12, the PDE III and 
PDE IV inhibition for the compounds of Examples 1 3-23 was calculated and compared 
to rolipram. The results are shown the Table II below expressed as IC S0 values. 
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TABLE IT 
ICjoOiM) 
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6.03 
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>300 


3.43 


19 


2.8 


0.47 


20 


34.3 


3.03 - v;; 


21 


104.7 


24.50 


22 


>300 


0.07 


23 


152.2 


0.26 



As was the case with the first group of compounds tested, these inventive 
compounds also provide high levels of PDE-IV inhibition while at the same time 
relatively low levels of PDE-III inhibition. 

EXAMPLE 25 

2-(3-cvclonentvloxv-4-metho xvbenzv1VS-chlorobgn2oxazole-7-ethflnfl1 

A mixture of 2-(3-cyclopentyloxy-4-methoxy).5-chloro-7-allyIbenzoxazole 
(10.0 g, 0.026 mole), a 1% solution of osmium tetroxide dissolved in glyme (29 ml, 
0.001 mol) and 300 ml of ether, was stirred for 5 minutes. A solution of periodic acid 
(14 g, 0.06 mol) dissolved in 300 ml of water was added all at once and the mixture 
was allowed to stir for 24 hours. The ether layer was separated and the aqueous phase 
was extracted with a further 100 ml of ether. The combined ether layers were washed 
with 4 x 75 ml of 10 % sodium thiosulfate and then with 1 00 ml of water. The ether 
layer was dried and evaporated under reduced pressure, to give 1 2 g of brown oil. This 
crude product was dissolved in a 50:50 blend of hexane in methylene chloride and 
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appHed to a 100 g silica gel flash chromatography column. Elution with 50:50 hexane 
in methylene chloride followed by pure methylene chloride gave 8.7 g of crude product 
which crystallized on trituration with an ether-hexane blend. The solid was filtered to 
give 4.9 g of pale yellow crystals. The residue which remained after evaporation of the 
ether-hexane solvent (3.8 g), was dissolved in 30% methylene chloride in hexane and 
purified by flash chromatography on 40 g silica gel. Elution with 300 ml of 30% 
hexane/methylene chloride gave 0.35 g of oil which contained no product. Elution of 
the flash column with 450 ml of methylene chloride gave 2.0 g of crude aldehyde. This 
material was triturated as above and gave 1.35 g of pure aldehyde. The total yield of 
2<3-c^opentyloxy-4-methoxybenzyI)-5-chlorobenzoxa2ole-7-ethanal was 62 %. A 
small sample of this material was recrystallized from ether-hexane and the off-white 
solid exhibited mp 66-68 °C. 

>H NMR (60 MHz, CDC1,), 6 1.58-1.97 (8H,m,4 x CH ), 3.60 (3H.S.OCH ), 3.64 
(2H,d,CH 2 ), 3.92 (2H,s,CH 2 ), 4.45 (lH,m,CH), 6.42 (3H,s,3ArH), 6.65 (lH,d,ArH), 
7.18 (lH,d,ArH), 9.54 (lH,t,CHO). 

EXAMPLE 26 

2-(3-cvclopenrvloxv-4-methoxv henzvlVS-chloroben2oxazole-7-pthan«l oxime 

A sample of hydroxylamine hydrochloride (2.60 g, 0.0375 mol) was dissolved 
in 6 ml of water and sodium hydroxide (1.5 g, 0.0375 mol) was added. The reaction 
mixture became warm and was diluted with 10 ml of methanol. A sample of 2-(3- 
cyclopenryloxy-4-memoxybeiizyl>5-chIorobenzoxazole-7-ethanal (1.0 g, 0.0025 mol), 
dissolved in 20 ml of methanol, was added to the above solution and the reaction 
mixture was warmed on a steam bath for 10 minutes. After this solution was cooled 
in the freezer, the solid oxime crystallized and was filtered. The solid was dried and 
weighed 0.68 g. The filtrate from above was diluted with water (1 00 ml) and extracted 
with methylene chloride (2 x 100 ml). Evaporation of the solvent afforded a further 
0.37 g of pale yellow oxime. The material which initially crystallized from the reaction 
mix was recrystallized from 12 ml of methanol to yield 0.36 g of 2-(3-cyclopentyloxy- 
4-methoxybenzyl)-5-chIorobenzoxazole-7-ethanal oxime, mp 149-151 °C. 
'H NMR (300 MHz, CDCI,) 6 1.40-1.90 (8H,m,4 x CH ), 3.62 (3H,s,OCP| ), 3.75 
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(TH^d^CH^ 3.88 (211,5,0^, 4.55 (lH,m,CH), 6.50 (2H,bs,ArH), 6.58 (lH,d,ArH), 
6.79 (lH,d,ArH),7.18 (lH,d*ArH), 9.00 (lH,bs,NOH). 

EXAMPLE 27 
2>f3^rvcloDentvlorv>4-methoxvbenzvf>»S-chloro»7-f2- 
hydroxvethyHbenzoxazole 

Sodium borohydride 0.05 g, 0.0013 mol) was added to a stirred solution of 2- 
(3-cyclopentyloxy-4-methoxybenzyI>5-chloroben2oxa2ole-7-ethanal (1.0 g, 0.0025 
mol) in 10 ml ethanol. Stirring was continued for 1 hour. Water (15 ml) was added and 
the reaction mixture was extracted with 2 x 50 ml ethyl acetate. The ethyl acetate layer 
was washed once with water (50 ml), dried and evaporated to give 1 . 1 g of pale yellow 
crystals. A small sample of this solid was recrystallized from a blend of ether-hexaner 
to give the title compound as a white solid, mp 74-76 °C. 

>H NMR(300 MHz, CDCI^) 6 1.58-1.88 (8H,m,4 x CH ), 3.07 (2H,t,CH ), 3.82 
(4H,s,OCH 3 & OH), 3.95 (2H,t,CH 2 ), 4.17 (2H,s,CH 2 ), 4.76 (lH,m,CH), 6.33-6.89 
(3H,m,ArH), 7.16 (lH,s,ArH), 7.52 (lH,s,ArH). 

EXAMPLE 28 

2-(3>cvclonentvloxv>4-methoxvbenzvlV5-chlorcH7>f2-hvdroxvethvt)benzoxflzole 
carbamate 

A suspension of 2-(3-cydopentyIoxy-4-methoxybenzyI)-5-chloro-7-(2^ 
hydroxyethyl)benzoxazole (0.6 g, 0.0015 mol) and sodium cyanate (0.2 g, 0.0030 mol) 
was stirred in 4 ml of CH 2 C1 2 and then trifluoroacetic acid (0.34 g, 0.0030 mol) was 
added. The mixture was stirred overnight as the initial solid dissolved and a new solid 
began to form. The next day CH 2 CI 2 (50 ml) and water (50 ml) were added. The water 
layer was separated and extracted with 2 x 50 ml of CH 2 C1 2 . The combined CH 2 CU 
layers were washed with 50 ml of water, dried and evaporated to give 0.6 g of white 
crystalline solid. This material was recrystallized from 6 ml of toluene to give 0.3 g of 
title compound as white crystals, mp 97-98 °C. 

! H NMR (300 MHz, CDCI3) 6 1,59-1.88 (8H ? m,4 x CH ), 3.13 (2H,t,CH ), 3.82 
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(3HAOCH,), 4.18 (2H,s,CHJ, 4.36 4.45 (2H.bs.NH,), 4.77 (lHm,CH), 

6.85-6.90 (3Hm.ArH). 7.13 (lHd.ArH), 7.54 (lHd,ArH). 

EXAMPLE 39 

2-(5-cvclopentvloxv-4-inethoxvl >enzvt>.S-ghlorobenzori»irole-7-acefir M rirf 

A solution of 2<3-cydopentyloxy-4-methoxybenzyl)-5-chloroben2oxa2ole-7- 
ethanal (2.0 g, 0.005 mol) in 50 ml of acetone was treated with 20 ml of 1 N Jones 
reagent and stirred for 1 hour at room temperature. Excess Jones reagent was 
destroyed by the addition of 50 ml of 2-propanol and the low boiling solvents were 
stripped under reduced pressure. Water (50 ml) and saturated sodium chloride (50 ml) 
were added and the aqueous residue was extracted with 2 x 75 m! of ethyl acetate. 
After drying ,the ethyl acetate was evaporated to give 2. 1 g of a brown foam. Solution 
of this material in CH 2 CI 2 and flash chromatography on silica gel afforded 0.72 g of the 
tide acid as a yellow foam after elution with 500 ml of 0.5 % CH 3 OH in CH,CI 2 . The 
foam was dissolved in 3 ml of CH 3 OH and allowed to crystallize for 1 hour at freezer 
temperatures. After filtration, a total of 0.27 g of yellow title compound, mp 131-133 
°C, was isolated. 

'H NMR(300 MHz, CDCI,) 6 1.58-1.87 (8H,m,4 x CH 2 ), 3.81 (3H,s,OCH 2 ), 3.87 
(2H.s.CH 2 ), 4.18 (2H.S.CH1, 4.76 (IH.m,CH), 6.82-6.88 (3H,m,ArH), 7.23 
(lH,s,ArH), 7.59 (lHs,ArH). 



EXAMPLE 30 

2-(3-<rYglopentvloxv-4-methoxvbenzvlVS- g hl orobenznx«yi>le-7-agetamid < > 

A solution of l,r-carbonyl diimidazole (0.31 g, 0.0019 mol) was dissolved in 
15 ml of tetrahydrofuran and 2-(3-cyclopentyloxy-4-methoxybenzyI)-5- 
chIorobenzoxazole-7-acetic acid (1.14 g, 0.0027 mol) was added in a tetrahydrofuran 
(THF) solution. After stirring for 1 hour, the reaction mixture was treated with 2 ml 
of concentrated NH 4 OH and stirred a further 3.5 hours. The tetrahydrofuran was 
removed under reduced pressure and the remaining material was extracted with 
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CH 2 C1 2 . The organic layer was separated and washed with 50 ml o£ CH CI . A 
crystalline solid (0.6 g) was isolated after drying and evaporating the CH 2 CI 2 . The solid 
was recrystallized from 20 ml of CH 3 OH to yield 0.3 g of title compound, mp 162- 
164°C. 

*H NMR (300 MHz, CDC1 3 ) 6 1 .58-1 .88 (8H,m,4 x CH^, 3.77 (l^CH^ 3 .82 
(3HAOGHJ. 4.18 (2H,s,CH 2 ) 4.76 (lHjn,CH) 5.45 (2H,bd,NH 2 ) 6.84-6.89 
(3H,m,ArH) 7.23 (lH,s,ArH) 7.60 (!H,s,ArH). 



EXAMPLE 31 

2-f3-cvclopentvloxv-4-methoxvbenzvn-S-chlorobenzoxazote-7>ethflnaroxime 
carbamate 

A suspension of 2-(3-cyclopentyloxy-4-methoxybenzyI)-5-chloro-7-ethan^ 
oxime (0.60 g, 0.0015 mol), sodium cyanate(0.19 g, 0.003 mol) and 5 ml of CH 2 C1^ 
was stirred at room temperature as trifluoroacetic acid (0.34 g, 0.003 mol) was added. 
The last traces of trifluoroacetic acid were rinsed into the reaction flask with l ml of 
CHJ2U and the reaction was stirred overnight. The next day 50 ml of water and 50 ml 
of CH 2 C1 2 were added and the CH CI layer was separated. The aqueous layer was 
extracted with 2 x 50 ml of CH 2 CI 2 and discarded. The combined CH 2 CI 2 layers were 
washed with 50 ml of water, dried and evaporated to give 0.80 g of yellow solid. This 
material was purified by flash chromatography over silica gel and upon elution with 1- 
5% CH 3 OH in CH CI , 0.5 g of the title compound was obtained. After 
recrystallization from 5 ml of ethyl acetate, 0.15 g of title compound, mp 161-162°C 
was isolated. 

, HNMR(300 MHz, CDCI 3 ) 6 1.50-1.90 (8H, m,), 3.30 (1H, m), 3.80 (3H, d), 4.10 
(2H, m), 4.30 (1H, m), 5-6. 1 (m, 3 h), 6.7-7.5 (m, 6H). 
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EXAMPLE 32 
2-f3-ehloroDhenvt-7-»minobenzox«zfilp 

(a) N-C3-chloroben2QvlV2-hvdroxv-3-nitroaniline 

A stirred solution of 1,1 '-carbonyl diimidazole (1 .1 1 g, 0.0068 mol) in 20 ml 
of tetrahydrofiiran was treated with 3-chlorobenzoic acid (1.02 g, 0.0065 mol). After 
stirring for 1 hour, 2-hydroxy-3-nhroaniline (1 .00 g, 0.0065 mol) was added and the 
reaction mix was allowed to stir overnight. The next day, water (100 ml) was added 
and the aqueous suspension was extracted with CH 2 CU (2 x 1 00 ml). The CHjC^ layers 
were separated, washed with 2 x 50 ml water, dried and evaporated to give 1 .92 g of 
yellow solid. This material was recrystaliized from 150 ml of methanol and dried to 
give 1 .80 g of title compound. 

»H NMR (60 MHz, CDC1 3 ) 6 6.44-7.48 (6H,m,ArH), 8. 16 (lH,bs,NH or OH) 8:37 

(!Hd,ArH), 9.00 (lH,bs,NH or OH). 

(b) 2-f3-chlorophenvn-7-nitrobenzoxazf>le 

A stirred suspension of N-(3-chlorobenzoyl)-2-hydroxy-3-nitroaniiine (4.5 g, 
0.01 17 mol), p-toluenesulfonic acid (0.30 g) and 50 ml of diphenyl ether were heated 
at 190 °C for I hour. The dark reaction mixture was dissolved in 100 ml CH,CI 2 and 
washed with saturated sodium bicarbonate and then water. The CH 2 C1 2 was evaporated 
and hexane was added, causing a brown solid to separate. The dark solid was filtered, 
dissolved in 75% CH 2 C1, in hexane and washed onto a silica gel column. Elution with 
this solvent, gave 3.3 g of the title compound. This material could be recrystaliized 
from methanol to give 2-(3-chlorophenyl)-7-nitrobenzoxazole although it was pure 
enough from the chromatography to use for the next step without any further 
purification. 

1 HMR (60 MHz, CDCI 3 ) 8 6.59-7.63 (7H,m,ArH). 
(c) 2-f3-chlorophenvI>-7-aminobenzoxazole 

A suspension of 2-(3-chlorophenyl>7-nitrobenzoxazoIe (3.3 g, 0.012 mol) and 
5 g of a 50 % dispersion of Raney nickel in 130 ml of ethanol, was heated to 50 ° C on 
a steam bath. The reaction temperature was held at 50 6 C as a blend of 23 ml 
anhydrous hydrazine, 1 5 ml water and 20 ml of ethanol was added (30 minutes). The 
steam bath was removed and the reaction mixture was stirred at room temperature for 
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2.5 hours. The Raney nickel was removed by filtration through celite and the aqueous 
ethanol solution was concentrated on a rotary evaporator under reduced pressure. 
Wat©- (100 ml) and CH 2 CI 2 (150 ml) were added to the residue and the CH 2 C1 2 layer 
was separated. The aqueous layer was extracted with 150 ml of CH 2 C1 2 and the 
5 combined CH 2 C1 2 layers were washed with 2 x 100 ml of water, dried and evaporated 

to give 2.90 g of yellow solid. This material was dissolved in 300 ml ethanol and 
filtered. The filtrate was concentrated to 100 ml and allowed to crystallize at freezer 
temperatures, to give the title compound as an off-white solid, mp 143-144°C, (1.97 
g). A further 0.42 g of the title compound was obtained by evaporation of the mother 
10 liquor from the recrystallization and flash chromatography on silica gel using a 50:50 

blend of CH 2 C1 2 in hexane as the eluent. 

l H NMR (60 MHz, CDCIJ 6 3.84 (2H,bs,NH 2 ), 6.23-7.78 (7H, m, ArH). 

EXAMPLE 33 

15 2-f3-chlorophenvl>-7-f2-nvridv»methvlamino>benzoxazQle 

To a stirred suspension of 2-(3-chlorophenyl)-7-amino-benzoxazole (1 . 1 0 g, 
0.0045 mo!) in 10 ml of methanol, 2.5 ml of 1 N HC1 in methanol, was added. 2- 
pyridinecarboxaldehyde(0.043 g, 0.0040 mol) was added to this suspension followed 

2 0 by sodium cyanoborohydride (0.32 g, 0.005 1 mol) and the pH was adjusted to 6 using 

1 NHC1 in methanol. After 1 hour, 1 N sodium hydroxide was added to bring the pH 
to 10 and the reaction was extracted with 3 x 50 ml of ethyl acetate. The combined 
ethyl acetate extractions were washed with water, dried and evaporated to give 1.3 g 
of yellow solid. This solid was purified by flash chromatography over silica gel using 

2 5 50:50 CH 2 CI 2 in hexane to give 0.25 g of recovered starting material, followed by 0.90 

g of product when the eluting solvent was CH 2 CI 2 . This solid was recrystallized from 
100 ml of hexane to give 0.78 g of the title compound, mp 1 15-1 16 °C. 
'HNMR^O MHz, CDC1 3 ) 6 4.34 (l^CHJ 4.90 (lH,bs,NH) 6.23 (lH,q,ArH) 6.70- 
7.70 (9H,m,ArH), 8.18 (!H,d,ArH). 
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EXAMPLE 34 
2-f^clopentvloTv^methoxvben^^ 

To a stirred suspension of 2K3-cydopentyloxy-4-me*oxybenzyl>7- 
arninobenzoxazole (0.98 g, 0.0029 mo!) in 15 ml of methanol, 2.5 ml of 1 N HC1 in 
methanol, was added. Pyridine-3-carboxaldehyde(0.37 g, 3.S mmol) was added to this 
suspension followed by sodium cyanoborohydride (0.29 g, 0.0046 mol) and the pH 
was adjusted to 6 using 1 N HC1 in methanol. After 3 hours, 1 N sodium hydroxide 
was added to bring the pH to 10 and the reaction mixture was extracted with CH 2 C1 2 . 
The CH 2 C1 2 layer was separated and the aqueous layer was extracted with 2 x 50 ml 
of CHjClj. The combined CH 2 C1 2 layers were washed with water, dried and evaporated 
to give 1 .09 g of yellow oil which crystallized on trituration with ether. After filtration, 
0.5 g of white crystalline title compound was separated and the filtrate was 
concentrated. Flash chromatography of the filtrate on silica gel gave 0.2 g of recovered 
starting material on elution with CH.CI* followed by a further 0.32 g of crystalline title 
compound when the eluting solvent was 1% methanol in CH 2 CI 2 . This material could 
be recrystallized from an ether-hexane blend to give the title compound as off-white 
crystals, mp 90-92 °C. 

>H NMR (60 MHz, CDC1 3 ), 6 1.45-1 .80 (8H, m, 4 x CHJ, 3.53 (3 H, s, OCH 3 ), 
3.84 (2 H, s, CH,) 4.13 (2H, d, CH 2 ) 4.38 (1H, m, CH), 4.67 (1H, t, NH), 6.07 ' 
(1H, q, ArH), 6.33-6.74 (6H, m, ArH), 7.10(1H, q, ArH), 7.85 (1H, q, ArH) 8.01 
(1H, d, ArH). 



EXAMPLE 3^ 

2-f3-cvclone ntvioxv-4-tnefhoxvbenzvl>-7-f2- 
imidazolvl methvlammotben/nTaTnlo 

By employing a procedure similar to that in Example 33 and using 2-(3- 
cyclopentyloxy-4-methoxybenzyl)-7-aminobenzoxazole(1.3 g 0.0038 mol), imidazole- 
2-carboxaldehyde (0.54 g 0.0056 mol) and sodium cyanoborohydride (0.38 g. 0.0060 
mol), a yellow oil was obtained after workup. The oil was triturated with a 50:50 blend 
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of hexane in ether and the solid product (0.5 g) which was obtained, was separated by 
filtration. This solid could be recrystallized from ethanol (1 g/14 ml) to give the title 
compound as white crystals, mp 179-180°C 

! NH NMR(60 MHz, CDC1 3 and d, DMSO) 6 1 .45-1.90 (8H, m, 4 x CHJ, 3.59 
(3H, s, OCHj), 3.93 (2H, s, CHJ, 4.30 (2H, bd, CH 2 ), 4.50 (1H, m, CH), 4.84 (1H, 
bs, NH), 6.24 (1H, q f ArH), 6.43-6.72 (8H, nu ArH). 

EXAMPLE 36 

2^3-€hloroDhenvl>-7^3>cvclonentvloxv*4-methoxv-benzvlflmino)benzoxa2ole 

By employing a procedure similar to that in Example 33 and using 2-(3- 
chlorophenyI)-7-aminobenzoxazole (1.00 g, 0.0041 mol), 3-cyclopentyloxy-4- : 
methoxybenzaldehyde (1 .08 g, 0.0049 mol), sodium cyanoborohydride (0.41 g, 0.0065, 
mol) and 35 ml of methanol, a white, crystalline solid was isolated/This crude product 
(1 A g) was recrystallized from 200 ml of methanol to yield the title compound (1.1 g) 0 
mp 133-134 °C. * 

l B NMR (60 MHz, CDCI 3 ) 6 1.50-1.73 (8H,m,4 x CH 2 ), 3.62 (3H,s,OCH 3 ), 4.13 
(2H,s,CH 2 ), 4.48 (lH,m,CH), 6.15-7.73 (10H,m,ArH). 

EXAMPLE 37 
2-benzvl-5-chloro-7*(3-hvdroxv-l-pronv!)benzoxazole 

(a) N-Dhenvlacetvl-2-hvdroxv-5-chloroaniiine 

Phenylacetic acid (20 g, 0.15 mol) in dichloromethane (120 ml) was treated 
with l,T-carbonyl diimidazole (25 g, 0.15 mol). After 1 hour, a solution of 2- 
hydroxy-5-chloroaniline in dichloromethane was added. The mixture was stirred 
overnight and processed in the usual manner to give 3 1 .2 g of the title compound as 
a crystalline solid. 

(b) N-phenvlacetvl-2-allyloxY-5-ch1oroaniline 

The N-phenyIacetyl-2-hydroxy-5-chIoroaniIine (31.2 g, 0.12 mol) was 
converted to N-phenylacetyl-2-allyloxy-5-chIoroaniline by treatment with allyl bromide 
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carbonate (33.2 g, 0.24 mo!) using the normal methods. The crude material was 
recrystaDized from ethanol to give the title compound as a white solid (23.5 g, 65%). 
(c) 2-benzvl-5-chloro-7-allvlbenzoxazole 

TheN-phenylacetyl-2-allyloxy-5-chloroaniline (23.5 g, 0.078 moI)ofatained above 
was heated at 180° for 3 hours. The product was nearly pure title compound, suitable 
for the next step. 

(<0 2-benzvl-5-chloro-7-(3- hvdroxv- 1 -pronvtlhgnynva™!.. 

A solution of 2-benzyl-5-cWoro-7-allyIbenzoxazole (2.2 g, 8 mmol) in THF (12 ml) 
was added to a solution of dwso-amylborane ( 1 .13 g, 8 mmol) in THF. The reaction 
was allowed to stir at room temperature for 21 hours and then 3 N sodium hydroxide 
solution (4 ml) was added followed by 30% hydrogen peroxide (4 ml). After 3 hours, 
the reaction mixture was partitioned between dichloromethane and water. The 
dichloromethane solution was washed with water (3 x 100 ml) and the solvent was 
evaporated under reduced pressure. The residue was purified over flash 
chromatographic silica gel to give the title compound (600 mg) eluted with 1:1 
dichloromethane/hexane. The material was recrystallized three times from toluene to 
give the title compound (200 mg), mp 78-80°C. 

»H NMR (60 MHz, CDC1 3 ) 6 1.6-2. 1 (m, 2H), 2.8 (t, J=8Hz, 2H), 3.6 (t, J=6Hz, 2H), 
4.15(s, 2H), 7-7.5 (m,7H). 

EXAMPLE 38 
2-( , 2-chlorobenzvl>-5-chlnr o-7-allvIhpn-y»roTAi < , 

(a) N-(f2-chloroDhenvnace tvn-5-chlnrn.2-hvdrnyy aniHn,» 

To a mixture of lj'-carbonyl diimidazole (66.5 g, 0.41 mol) and 
dichloromethane (300 ml) was added 2-chIorophenyIacetic acid (67.0 g 0.39 mol) 
dissolved in dichloromethane (200 ml). The mixture was stirred for 1.5 hours and 2- 
hydroxy-5-chloroaniiine (56.4 g, 0.39 mol) was added in one portion. After stirring 
overnight, the reaction mixture was diluted with water and the mixture was filtered to 
give the desired amide. The dichloromethane was separated and washed with water. 
Evaporation of the dichloromethane under reduced pressure afforded additional 
product which was triturated with a small amount of dichloromethane and combined 
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with the material collected previously to give 108.5 g of the title compound. 

(b) N-f2-chlorophgnvlacetvlVS-chloro>2-allvloxvaniIine 
N-(2-chlorophenylacetyl>5-chloro-2-hydroxyaniline (107 g, 0.36 mol) was 

converted to N-(2-chlorophenylacety!)-5-chloro-2-allylox>wiiline using allyl bromide 
in N,N-dimethylacetamide with potassium carbonate using previously described 
procedures. There was obtained 101 .5 g of the title compound as white crystals after 
crystallization from methanol. 

(c) 2>r2-chlorobenzvlVS-chloro>7-allvlbgnzo>cazole 

Pure N-(2-chlorophenylacetyl)-5.chloro-2-aIlyo)cyannine (100 g, 0.298 mol) 
was heated at 175-180°C for 3.5 h to give 2-(2-chlorobenzyI)-7-allylbenzoxazole. The 
crude material was taken in 20% dichiorornethane/hexane and filtered through a pad 
of flash chromatography silica gel (200 g) to give the pure title compound (73.9 g; " 
82%), mp 61-62°C (from toluene). 

"HNMR (60 MHz, CDC1 3 ) 6 3.35 (d, J=8Hz, 2H), 4.14 (s, 3H), 4.6-6 (m, 3H), 6.6- ;; 
7.2(m, 6H) 

EXAMPLE 39 

2>f2-chlorobenzvl>-S-chloro-7-(3-methoxv-l-nronvl>benzoxazole 

(a) 2-f2-ch1orobenzvn-S-chloro-7-f3-hvdroxv-1 -propyHbenzoxazole 

A solution of 2-(2-chlorobenzyI)-5-chloro-7-allyIbenzoxazole (40 g, 0. 126 mol) 
in THF (63 ml) was added to a solution at 0°C of di-iso-amylborane prepared in THF 
from 10.8 g of borane-tetrahydrofuran complex and 1 9.5 g of 2-methyl-2-butene. The 
reaction mixture was allowed to warm to room temperature. After 1 6 hours, the 
reaction mixture was cooled to 5°C and 3 N sodium hydroxide (50 ml) was added 
slowly followed by the slow addition of 30% hydrogen peroxide (50 ml). After 3 
hours, the reaction mixture was diluted with dichloromethane (300 ml) and water (300 
ml). The layers were separated and the aqueous solution was extracted with 
dichloromethane (2 x 150 ml). The dichloromethane extracts were combined and 
washed with water (3 x 200 ml) and evaporated under reduced pressure to give an oil. 
The crude product was purified by flash chromatography (silica gel; 300 g). Elution 
with 2 1 of 1:1 hexane/dichloro-methane gave starting material (3.5 g). Elution with 
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dicMoromethane (5 1) afforded 32 g of the title compound, mp 87-89°C (from toluene). 
«H NMR (CDC1 3> 60 MHz) 6 1 .8-2.2 (m, 3H), 2.90 (t, J=8Hz). 3.55 (t, J=6Hz, 2H), 
4.35 (s, 2H), 7.0-7.4 (m, 6H). 

(°) 2-('2-chlorobeTizvlV7-f3-methane« a ilf onvloxv-1-pro P vIVben? ; ny f |^l r 

A solution of 2<2-chlorobenzyI)-7-(3-hydroxy-l-propyI)benzoxazoIe (10 g, 
0.033 mole) in ether (50 ml) was treated with methanesulfonyl chloride (4.4 g, 0.037 
mo!) and triethylamine 3.7 g, 0.037 mol). After stirring for 1 hour, the triethylamine 
hydrochloride was filtered and the ether was evaporated to give the title compound 
which was pure by TLC. 

( c ) 2-f2-chlorobenzvl>.S.chloro-7-f3-m ff thnv Y -l- P ronvnh ft n^ v a ^i r 

2-(2-CMoroberizyl)-5-cWoro-7-(3-met^ 
was stirred overnight with a solution of sodium methoxide prepared from methanol 
(100 ml) and sodium (2.7 g, 0. 11 8 mol). The reaction mixture was diluted with water 
and extracted with dichloromethane. The dichloromethane solution was washed with 
water and evaporated to give the crude product (10 g). The crude product was 
purified over flash chromatography silica gel and eluted with 30% 
dichloromethane/hexane. The effluent was collected in 200 ml fractions. Fractions 1-7 
contained an impurity (7. 1 g); fractions 8-1 1 were collected (1 .8 g) and recrystallized 
three times from hexane to give the title compound (0.4 g), mp 49-51°. 
"NHNMRf^CDCl* 60 MHz) 8 2.0 (m, 2H), 2.85 (t, J=8 Hz, 2H), 3.20-3.50 (m, 5H), 
4.4 (s, 2H), 7.0-7.5 (m, 6H). 

EXAMPLE 40 

2-(3-cvclopenrvloxv-4-mefhnTvbenzvn-5U chloro-7-pronvlhen7.nT M rnlp 

A solution of 2-(3-cyclopentyloxy-4-methoxybenzyl)-5-chloro-7- 
allylbenzoxazole (1.2 g, 3 .0 mmol) in ethyl acetate (50 ml) was hydrogenated over 
0.104 g of 10% Pd on carbon catalyst in a Parr apparatus at 23 psi until hydrogen 
uptake ceased. The catalyst was filtered and the solvent was evaporated. The residue 
was recrystallized from hexane to give the title compound (0.55 g, 46%), mp 54-55°C. 
1 HNMR(60MHz,CDCI i )6 0.95(t,J=8Hz,3H) 1.6-1.9 (m. 10H) 2.8(t, J=7 Hz) 3.6 
(s, 3H), 4.0 (s, 2H). 4.4-4.6 (m, 1H) 6.4-7 (m, 6H) . 
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EXAMPLE 41 
2-f2-chlorobenzvl>-7^5-livdrorv>l>pronvnbenzQxazole 

(a) N-f2«ChlorophenvlacetvIV2>hvdroxvaniline 

To a mixture of lj'-carbonyl diimidazole (12.45 g, 0.077 mol) and 
dichloromethane (50 ml) was added 2-chlorophenylacetic acid (12.5 g, 0.073 mol) in 
portions. The mixture was stirred for 1 h and 2-hydroxyaniIine (7.99 g, 0.073 mol) 
was added in one portion. After stirring overnight, the reaction mixture was diluted 
with water and filtered to give the title compound (18.3 g after drying). 

(b) N>f2-chiorophenvlacetvlV2-alloyvaniIine 
N-(2-chlorophenylacetyl)-2-hydroxyaniline (18.3 g, 0.07 mol) was converted 

to N-(2-chlorophenyl-acetyl)-2-allyloxyaniline using allyl bromide in N,N-^ 
dimethylacetamide with potassium carbonate using previously described conditions. - 
The title compound was obtained as a whhe crystalline solid (7.5 g) after crystallization 
from methanol. 

(c) 2-f2-chlorobenzvl)-7-a11vlbenzoxazo1e 
N-(2-chlorophenylacetyl)-2-hydroxyaniline (7.5 g), was heated at 180° for 6 

h and then at 220° for 4 hours to give the title compound as a viscous oil which was 
pure enough for the next step. 

(d) 2-f2-chlorobenzvI)-7-f3-hvdroxv-]-Dropv0benzoxazo1e 
A solution of 2-(2-chlorobenzyl)-5^hIoro-7-aIlyIbenzoxazole (5.0 g, 0.018 

mole) in THF was added to a solution of di-iso-amylborane prepared from borane-THF 
complex (1 .60 g, 0.018 mol) and 2-methyI-2-butene (2.80 g, 0.04 mol) in THF. The 
reaction mixture was stirred overnight and cooled to -20°C then treated with 3 N 
sodium hydroxide (6.5 ml) and 30% hydrogen peroxide (6.5 ml). The reaction mixture 
was allowed to warm to room temperature and stirred for 4 hours. The product was 
isolated by partitioning between dichloromethane and water. Flash chromatography 
over flash chromatographic silica gel with dichloromethane afforded nearly pure title 
compound which was recrystallized from ether-hexane to give 290 mg of pure title 
compound, mp 66-68°C. 
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'H NMR(CDC1 3 . 60 MHz) 6 1 .7-2.2 (m, 3H). 3.0 (t, J=8 Hz, 2H), 3.70 (t, J=6 Hz, 
2H), 4.40 (s, 2H), 7.05-7.60 (m, 6H). 

EXAMPLE 41 
3-fS-ehloro-2-f3-ghlnrobenzvl\be nzox«zol-7-vnnronmi-1-nl 

00 N-f3-ch1oroDhenvlacetvIV2-hvdrQxv-3- bromo-S. e hl n r» n nn; w > 

Using the normal amide forming conditions, the condensation of 3- 
chlorophenyiaceticacid (13.54 g, 0.079 mol) and 2-hydroxy-3-bromo-5-chloroaniIine 
(17.7 g, 0.079 mol) with IJ'-carbonyl diimidazole (13.5 g, 0.083 mol) gave the title 
compound (20 g). 

(b) 2-(3-chlorophenvIl5- chloro-7-bromobenzoxazr>lt> 

The amide from Step (a) was heated at 175° under nitrogen for 4 hours. The 
crude product was purified by flash chromatography (Si0 2 ; 80 g). Elution with 400 
ml of 1 : 1 dichloromethane/hexane gave a small amount of impurity. Continued elution 
with the same solvent gave 15.4 g of the title compound as a white solid. 
( c > 3-r2-( - 3-chlorophenvn.5-chloroben7.n xazo1-7-v|-| P mp a r ?y i oi^j 

The reaction was carried out under nitrogen with strict exclusion of air. All 
solutions were degassed with a nitrogen stream. A solution of 2-(3-chlorobenzyl)-5- 
chloro-7-bromo-benzoxazole (41.0 g, 0.019 mol) in diethylamine (328 ml) and 
bis(triphenyJphosphine)palladium(II) chloride (1.53 g. 2.1 mmol) was treated with 
propargyloxytrimethylsilane (27.9 g, 0.218 mol). The reaction mixture was heated to 
55-60°. After 3 hours, additional propargyloxytrimethylsilane (3 g, 0.023 mol) was 
added and after a further 2.5 hours, another portion of propargyloxytrimethylsilane (5 
g, 0.039 mol) was added. The reaction was continued 30 min and cooled. The 
diethylamine hydrobromide was removed by filtration and the diethylamine was 
evaporated under reduced pressure. The residue was taken up in dichloromethane 
(250 ml) and washed with water (2 x 200 ml). The solvent was evaporated and the 
residue was dissolved in methanol (500 ml) and cooled to 5°C. Potassium carbonate 
( 1 7 g, 0. 1 23 mol) and water ( 1 0 ml) were added and the reaction mixture was stirred 
for 30 minutes. The methanol was evaporated under reduced pressure and the residue 
was taken up in dichloromethane (500 ml) and washed with water. The 
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dichloromethane was evaporated under reduced pressure and the crude product was 
purified over flash chromatography silica gel (310 g). Eiution with 800 ml of 
dichloromethane afforded 2 g of mixed material. Continued eiution with 
dichloromethane (5.5 1) gave 31 g (81%) of the title compound which was 
recrystallized from acetone to give 1 8 g of pure crystalline title compound, 
(d) 3-f5-chloro-2-f 3-chlorobenzvnbenzoxazol-7-vnDroDan> 1 -ol 

A solution of 3-[5-diloro-2-(3-diloroben2yl)ben2oxa2ol-7-yI]propargyI alcohol 
(19.8 g, 0.0596 mole) in ethyl acetate (500 ml) was hydrogenated with 5% Rh on 
alumina catalyst at an initial pressure of 20 psi in a Parr apparatus. After the 
theoretical amount of hydrogen had been absorbed, the catalyst was filtered and the 
solvent was removed under reduced pressure. The crude material was triturated with 
hexane and crystallized from toluene to give pure title compound (10 g, 55%), mp 87- 
89°C. 

*NH NMR(300 MHz, CDCI^) 6 1.75 (t, 1H), 2.0 (m, 2H), 2.95 (m, 2H), 3.85 (m, 2H% 
4.10 (s,2H), 7.1-7.6 (m,6H). 

EXAMPLE 43 
S-chloro>2-t2-f3 < 4-dimethoxvnhenv!>ethvllbenzoxa2ole 

(a) N-r3»n.4-dimethoxvphenvnpropanovn-2-hvdroxv-5-chloroaniline 

Using similar procedures with 3-(3,4-dimethoxyphenyl>propanoic acid (2. 1 0 
g, 10 mmol), 2-hydroxy-5-chloroaniline (1.45 g, 10 mmol) and l,l T -carbonyl 
diimidazole (1.62 g, 10 mmol) there was obtained 2.3 g of the title compound as an oil 
suitable for the next step. 

(b) 5-chloro-2-f2-f3.4-dimethoxvphenvnethvnbenzoxazole 
N-[3-(3,4-dimethoxyphenyl)propanoyl-2-hydroxy-5-chloro-aniIine (2.3 g, 6.3 

mmol) in toluene (30 ml) and p-toluenesulfonic acid monohydrate (0.3 g, 1.5 mmol) 
was heated under reflux for 3 hours. The cooled reaction mixture was decanted from 
some tar and the toluene was evaporated. The residue was crystallized from t-butyl 
methyl ether with charcoal to give 1 .3 g of the title compound which was recrystallized 
from t-butyl methyl ether to give pure title compound (1 .08 g) mp 102-105°C. 
l H NMR (300 MHz, CDC1*) 6 3.4 (m, 4H), 3.85 (s, 3H), 3.9 (s, 3H), 6.6-7.7 (m, 6H). 
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EXAMPLE 44 
S-chlon>-2-< , 3.4-dimefh« >xvnhenvl)henzoxaznI» 

( a ) N-f3.4-dimethoxvban2n vIV2-hvdmw-S-ehlnmflnnin^ 

Using similar procedures with 3,4-dimethoxybenzoic acid (5.46 g, 3 mmol), 2- 
hydroxy-5-chloroaniline (4.31 g, 3 mmol) and l.l'-carbonyl diimidazole (4.86 g, 3 
mmol) there was obtained 1 0.8 g of the title compound as a white solid. 

(b) S-chloro-2-(3.4-dime tho?cvphenvnben2nxfl?«lA 

A solution of N-(3,4-dimemoxyben2oyl>2-hydroxy.5^hloroaniIine (5.0 g, 
0.015 mol) was heated under reflux for 1 1 hours in 30 ml o-dichlorobenzene and p- 
toluenesulfbnic acid monohydrate (0.3 g, 15 mmol). The reaction mixture was diluted 
with dichloromethane and filtered through a pad of alumina (25 g). The solvent was 
evaporated under reduced pressure and the residue was triturated with petroleum ether 
and filtered to give 2.7 g of crudeproduct. The material was crystallized from methyl 
t-butyl ether with charcoal to give 1.35 g of material which was crystallized again from 
methyl t-butyl ether and sublimed at 130°C (0.05 mm) to give pure title compound as 
tan crystals, mp 142-145°C. 

•NH NMR(300 MHz, CDC1 3 ) 6 4.05 (s, 3H), 4. 1 0 (s, 3H), 7.0-8.0 (m, 6H). 

EXAMPLE 4S 
2>f4-hvdrorv-3.S-dt-f-h urvl-benrvl[benzoxii> : ftl«. 

(a) N-f4-hvdroxv-3.5-di-t.hnr vl-Dhenv» a r>.tyH-2-hvrirnv v a nn;»^ 

Using previously described procedures with 4-hydroxy-3,5-di-t-butyl- 
phenylacetic acid (45 g, 0.17 mol), 2-hydroxyaniIine (20.7 g, 0.19 mol) and 1,1'- 
carbonyl diimidazole (29 g, 0. 1 8 mol) the title compound (52. 1 g, 86%) was obtained 
as a tan solid. 

0>) 2-r4-Hvdroxv-3.5-di-t-hiif vl.bengvn .h ff nrnv a ^l < > 

A sample of N-[4-hydroxy-3,5-di-t-buryl-phenyl-acetyI]-2-hydroxyaniline (12.0 
g, 0.033 mol) was heated at 260° under nitrogen for 50 minutes. After cooling, the 
material was heated at reflux with hexane (50 ml) until most of the sample was 
dissolved. The mixture was filtered while hot and allowed to cool. Filtration afforded 
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5.4 g (49%) of nearly pure title compound. Pure title compound was obtained after 

two further crystallizations (with charcoal) from hexane, mp 94-96°C. 

*H NMR (60 MHz, CDCIj) 6 1.55 (s, 18H), 4.2 (s, 2H) t 5.2 (s, 1H), 7.0-7.6 (m, 6H). 

EXAMPLE 46 

2-f4-hvdroyv-3 <> S-d{-t-bMtvUbenzvn-4-carbomethorvbenzox«zole 

(a) N-f4-hvdroxvQ.5-di-t-butvl-phenvlacetvn-^^ 

After a solution of 1, 1 '-carbonyl diimidazole (2.90 g, 0.01 8 mol), 4-hydroxy- 
3,5-di-t-butyl-phenylacetic acid (4.96 g, 0.019 mol) and 50 ml of dichloromethane was 
stirred at room temperature for 1.5 hours, 2-hydroxyaniIine (3.00 g, 0.018 mol) 
dissolved in 50 ml of dichloromethane, was added. The reaction blend was stirred 
overnight. The next day, 50 ml of water was added and the layers were separated. The 
organic layer was washed with 3 x 60 ml of 2% sulfuric acid, dried and evaporated to " 
give a yellow solid. This material was recrystallized from t-butyl methyl ether to give 
4.6 g ofN-[4-hydroxy-3,5^Ht-butyl-phenylacetyl]-2-hydroxy-6-carbomethoxyaniIine. 

(b) 2-f 4-hvd roxv-3 , 5-t-butvl-benzvI 1-4-carbomethoxvbenzoxazole 

A sample of N-[4-hydroxy-3,5-di-t-butyl-phenylacetyl]-2-hydroxy-6- 
carbomethoxyaniline (3.50 g, 0.0084 mol) was heated at 170 °C under a nitrogen 
atmosphere for 22 hours. The residue was dissolved in 50 ml of isopropyl alcohol and 
then approximately 10 ml of water was added and the solution was allowed to 
crystallize. A total of 2.20 g of title compound, mp 143-147°C, was obtained as yellow 
crystals. 

>NH NMR(60 MHz, CDC1 3 ) 6 1.35 (18H, s, t-butyl),3.78 (3H, s, CH 3 ), 3.99 (2H, s, 
CHJ, 4.78 (1H, s, OH), 6.68-7.45 (5H, m, ArH). 

EXAMPLE 47 
2-f2-f4-hvdroxv«3.5-di-t-bHtvUnhenvl>1ethvlbenzoxazole 

(a) N^^-M-hvdroxv-S.S-di-t-butvl-phenvlVpropanovn^^hvdroxvaniline 

The title compound was obtained from 3-[4-hydroxy-3,5-t-butyl- 
phenyl]propanoic acid (5.56 g, 0.02 mol), 2-hydroxyaniline (2.4 g, 0.022 mol) and 
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Ur-carbonyldiimidaroleO^g, 0.021 mol) using the nonnal procedures. The crude 
product was recrystaflized from cydohexane-ethyl acetate to give 5.50 g (75%) of the 
title compound as white crystals. 

tf>) 2-r2-<4-hvdroxv-3.S-di-t-hu tvl-Dh e nvI^ ff tt,v).b e nr.ny fly nU 

N-IS^^hydroxy-S.S-di-t-butyl-propanoylJ^-hydroxyaiuIine (0.96 g. 2.6 
mmol) was heated at 280° for 8 min and cooled. The material was triturated with 
petroleum ether to give the thle compound (0.70 g. 72%) as white crystals, mp 103- 
106°C. 

l H NMR (60 MHz, CDOJ 6 1.4 (s, 18 H), 3.2 (bs. 4H) 5.1 (bs, 1H) 7.0-7.7 (m, 6H). 

EXAMPLE 48 

Following the procedures set forth in Examples 1 1 and 12, the PDE HI and 
PDE TV inhibition values for the compounds of Examples 25-47 were calculated. The 
results are shown the Table III below expressed as ICjo values. 
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TABLE III 
ICso(nM) 
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As can be seen from the foregoing, the inventive compounds provide high 
levels of PDE IV inhibition while at the same time relatively low levels of PDE-III 
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EXAMPLE 49 

^'oro-l^hlorophenvllhenzo^^ ^ 

(a) ^h1 0 ro-2^2-ch}Qroph enV IV7.rVhvdr 0 )cv.1-p rnp V » y i V k nrnlr 

A solution of 17.15 g (50 mmo!) of 7-bromo.5<hloro-2<2.chloropheny^ 
benzoxazole and 4.40 ml (75 mmol) of propargylalcohol in 32 ml of toluene and 64 ml 
of triethylamine was heated under nitrogen to 80-5°C with 175.4 mg (250 ^M) of 
bis(triphenylphosphine)palladium (IT) chloride and 8.6 mg (4.5 ^M) of copper (I) 
iodide. After 6 hours, the solid was filtered offand washed with dichloromethane. 
The solution was evaporated vacvo. The residue was dissolved in ethyl acetate, . 
washed with 1 NHC1, sodium bicarbonate solution, and water. The ethyl acetate was 
removed in vacuo, the residue (15.46 g) was dissolved in dichloromethane and filtered 
through 60 g of silica gel to give the title compound (13.64 g, 85.8%), mp 165-9° C. 
0>) 5.Chloro.2-(2-chloronh e nvl\-7.^.h Y droyv . nrnp vn . Kffn , ova _ u 

A suspension of 11.07 g (34.8 mmol) of 5-chloro-2.(2-chlorophenyI)-7.(3. 
hydroxy-l-propynyl)-benzoxazole in 120 ml of ethyl acetate was treated with 3.70 g 
of neutral Raney-nickel. After the hydrogen uptake ceased, the nickel was filtered off 
and washed, and the solution evaporated in vacuo. Crystallization from 
dichloromethane/di-isopropyl ether gave the title compound in two crops (6.12 g 
(54.6%) and 1.61 g (14.4%)), mp 82-4°C. 
Elemental analysis for C.^uQjNQ, 
calc C 59.65 H 4.07 N 4.35 O 9.93 
found C 59.81 H 4.02 N 4.35 O 10.12 
C°) 5-Chtoro.2.f2-chloroph e nvl\- h e n ZQxa7 nle.7. r r» ra r,»;. nr jj 

10.3 ml (41 mmol of O) of Kiiiani solution was added at -10° to -5°C within 
20 minutes to a solution of 6.44 g (20 mmol) of 5-chloro-2-(2-chlorophenyI)-7-(3- 
hydroxy-propyl)-benzoxazole in 130 mg of acetone. After 45 minutes, 5 ml of 
methanol and 1 30 ml of water were added. The acetone was removed in vacuo, the 
solid suspended, collected, and washed with 1 N sulfuric acid and water. The residue 
was taken up in 35 ml of 1 N NaOH and 50 ml ofW*r »„a — j v. 
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water phase was acidified with 5 N HQ to pH 3. Filtration and washing gave the title 
compound (4.88 g, 72.6%), mp 152-4°C. 

(d) S-Chloro-2-f2-chloroph env)')-ben20xazole-7-fN-hvdroyv-N-methvl- 
propanamide 

1.68 g (5 mmol) of 5-chloro-2-(2-chlorophenyl)-benzoxazole-7-propanoic acid 
were refluxed for 30 minutes in 15 ml of dichloromethane containing 0.9 ml (12.5 
mmol) of thionyl chloride. The solvents were evaporated in vacuo and again after 
toluene addition. The acid chloride was dissolved in 20 ml of THF and added at -1 0° 
C to a prepared (45 minutes) suspension of 2.09 g (25 mmol) of N- 
methylhydroxylamine, 6.93 ml (50 mmol) of triethylamine and 0.53 g (5 mmol) of 
sodium carbonate in 50 mg of dry THF. After 1 hour, the remaining solid was filtered 
off and washed with THF. The solvents were evaporated in vacuo and the residue 
suspended in 150 ml of ether, the solid filtered off and the ether evaporated. The 
residue was taken up in acetone filtered again and evaporated. This residue was 
suspended in little ether and collected to give the title compound (1.25 g, 68.7%) of 
hydroxyamide with mp J46-8°C. 
Elemental analysis for CnHuCpEkQa 
calc C 55.91 H3.86 N7.67 0 13.14 

found C 56.34 H3.69 N 7.71 013.22 

EXAMPLE 50 

5-Chloro-2-(2-chloronhenvl>-7-r3-( , N'-hvdroxvcarhamidotbi!fvn-ben20xazole 

(a) 5-Chloro-2-(2-chloroDhenvn-7-f3-oximidobutvl>.ben20xaznle 

At 16-20°C, a solution of 4.48 g (13.4 mmol) of 4-(5-chIoro-2-(2- 
. cNorophenyl)benzoxazol-7-yl)butan-2-onein 50 ml of THF and 50 ml of 94% ethanol 
was added within 10 minutes to a solution of 1.02 g (14.7 mmol) of hydroxy- 
ammonium chloride and 1.82 g (13.4 mmol) of sodium acetate trihydrate in 9.8 ml of 
water. A precipitate formed at the beginning, which dissolved again, and formed a new 
precipitate after about half of the addition. After 2 hours, water was added and the 
organic solvent was evaporated in vacuo. The solid was collected, washed, and dried 
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W 5-Chloro-2-< r 2-ehloroDhenvn.7-r3.fN'-hv d ro y vc a rh pTnj f H^) butvfVb^y^^i, 
0.40 g (5.6 mmol) of borane trimethylamine complex was added to a solution 
of 0.48 g (1 .4 mmol) of oxime in 6.9 ml of THF, followed by the addition of 2.24 ml 
of 5 N HC1 within 25 minutes. After 40 minutes, a second batch of 0.40 g of borane 
trimethylamine complex was added. After a further 1 hour, the solution was adjusted 
to pH 8 with sodium bicarbonate solution and the THF was removed in vacuo. The 
aqueous residue was extracted with dichlorornethane and the extract evaporated to 
dryness: 0.67 g (100%) of crude product, which was dissolved in 6.6 ml of THF, 
treated with 0.23 ml (1.68 mmol) of trimethylsilyl isocyanate (96%) and heated at 
reflux for 3.25 hours. The solvent was removed //; vacuo, the residue treated with 30 
ml of 10% ammonium chloride and extracted with et her. The residue of the extract 
was crystallized from dichlorornethane to give 0. 1 6 g (29. 1%) of the title compound, 
mp 1 30-45 °C. 

EXAMPLES! 

By using a similar procedure to Example 4, employing the corresponding acid 
chloride and 6-amine-2-bromo-4-chloro-phenol, the following 7-bromo-5-chloro-2- 
substituted-benzoxazoles were obtained: 

(a) 2-(2-chlorophenyI), mp 156-8°C 

(b) 2-(3-cyclopenryloxy-4-methoxy-phenyl), mp 155-7°C 

(c) 2-(3,4-dimethoxyphenyI), mp 184-5°C 

(d) 2-benzyl, mp81-3°C 

(e) 2-(2-chlorobenzyI), mp 89-90 °C 
(0 2-(4-chIorobenzyl), mp 2I2-4°C 

(g) 2-(2,4-dichlorobenzyI), mp 123-5 °C 

(h) 2-(2,6-dichIorobenzyl), mp 180-1 °C 

(i) 2-(2-chloro-6-fluoro-benzyI), mp 133-4°C 
0) 2-(2-fluorobenzyl), mp 120-1 °C 

(k) 2-(3-cyclopentyloxy-4-methoxy-cinnamenyl), mp 137-9"C 

(I) 2-[2-(2-chlorophenyl)ethyl], mp 78-80 °C 
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(m) 2-[2-C3 f 5-di-t-butyI-4-hydroxy-phenyI)ethyI], mp 120-1 °C 
(n) 2-[2-(3-cyclopentyloxy-4-methoxy-phenyl)ethyI], mp 103-4°C 
and with 2-arninophenol, the corresponding 

(o) 2-(3,5-di-t-buty]-4-hydroxy-cinnainenyI)-benzoxazo!e, mp 130-1 °C 
was obtained. 

EXAMPLE 52 

By using a similar procedure to Example 49, step a, employing the appropriate 
7-bromo-5-chloro-2-substituted-benzoxazole and propargyl alcohol, the following 5- 
ch!oro-7-(3-hydroxy-l-propynyl)-2-substituted-ben20xazoles were obtained: 



(a) 


2-(3-cyclopentyloxy-4-methoxy-phenyl), mp 162-3°C 


(b) 


2-(3,4-dimethoxyphenyl), mp 192-6°C 


(c) 


2-benzyl, mp94-6°C 


(d) 


2-(3-cyclopentyloxy-4-methoxy-benzyl), mp 147-8° C 


(e) 


2-(3,5-di-t-butyl-4-hydroxy-benzyI), mp 143-7°C 


(f) 


2-(3,4-dimethoxyben2yl), mp 147-8°C 


(g) 


2-(2-chlorobenzyI), mp 1 13-4° C 


(h) 


2-(4-chlorobenzyl), mp 96-9°C 


0) 


2-(2 > 4-dichlorobenzyl), mp 137-9°C 


0) 


2-(2,6-dichlorobenzy]). mp 1 50/1 60-2 °C 


(k) 


2-(2-chloro-6-fluoro-benzyI) mp 1 19-21 °C 


(I) 


2-(2-fluorobenzyI), mp 123-4°C 


(m) 


2-(3-cyclopentyIoxy-4-methoxy-cinnamenyl), mp 150-4°C 


(n) 


2-[2-(2-chlorophenyl)ethyl], mp 91-2°C 


(o) 


2-[2-(4-acetoxy-3,5-di-t-butyl-phenyl)ethyl], mp 138-9°C 


(P) 


2-[2-(3-cyclopentyloxy-4-methoxy-phenyl)ethyI], mp 107-9°C. 



67 



WO 96/11917 



PCT/DS95/14399 



E>CAJVfPLE53 

By using a similar procedure to Example 49, step b, employing the appropriate 
S-cWoro-7^-hydroxy-l- pro p^^ ±s following 5-chloro- 

7-(3-hydroxy-propy!>2-substituted-benzoxazoles were obtained: 

(a) 2-C3,4-dimethoxyphenyl), mp 138-9°C 

(b) 2-(3-cycldpentyloxy-4-methoxy-benzyl), mp 92-4°C 

(c) 2-(3,5-di-t-butyl-4-hydroxy-Den2yl), mp 136-8 °C 

(d) 2-(3.4-dimethoxy-benzyl), mp 90-2 °C 

(e) 2-(2-chlorobenzyl), mp 81-2°C 

(f) 2-(4-chlorobenzyI), mp 78-9* C 

(g) 2-(2,6-dichlorobenzyI), mp 1 05-8 e C 

(h) 2-(2,4-dichlorobenzyl), mp 86-7° C 

(i) 2-(2-chloro-6-fluoro-benzyl), mp 99-100°C 
0) 2-(2-fluorobenzyl), mp 73-4° C 

(k) 2-[2-(2-chlorophenyI)ethyl], mp62-3°C 

(I) 2-[2-(3-cyclopentyloxy-4-methoxy-phenyl)ethyl], mp 76-7°C 

EXAMPLE 54 

By using a similar procedure to Example 49. step c, employing the appropriate 
5-ch]oro-7-(3-hydroxy-propyl)-2-substituted-beri2oxazole, the following 5-chloro-2- 
substituted-benzoxazole-7-propionic acids were obtained: 

(a) 2-(2-chlorobenzyl), mp 1 47-52 °C 

(b) 2-(2-chloro-6-fluoro-benzyl), mp 172-3°C 

(c) 2-[2-(3-cyclopentyloxy-4-methoxy-phenyI)ethyI], mp 151-3°C 



68 



WOltf/11917 



PCT/DS95/14399 



EXAMPLE 5S 

By using a similar procedure to Example 49, step d, employing the appropriate 
the appropriate 5-chloro-2-substituted-benzoxazole-7-propionic acid and amine, the 
following amides were obtained: 

(a) 5-Chloro-2-(2-chlorobenzyI)-benzoxazole-7-propanamide, mp 1 8 1 -3 °C 

(b) 5-Chloro-2-(2-fluorobenzyI)-benzoxazole-7-propanoic acid, N-morpholine 
amide, mp 99-101°C 

EXAMPLE 56 

(a) 5-Chloro-2-f 2-chlorophenvl V7-f 3-carbamido- 1 -propvnvU-benzoxazole 

By using a similar procedure to Example 49, step a, employing N- 
propargylurea, we obtained the title compound was obtained in 71% yield with mp 
268-72° C. 

(b) 5-Chloro-2-f2-chloroDhenvn-7-f3-carbamido-propvn-benzoxazole 
By using a similar procedure to Example 49 step b., we obtained the title 

compound was obtained in 56.1% yield with mp 233-5 °C. 

EXAMPLE 57 

By using a similar procedure to Example 2 f, employing the appropriate 5- 
chbro-7-bromo-2-substituted-benzoxazole, the following 5-chloro-7-ethynyl-2- 
substituted-benzoxazoles were obtained: 

(a) 2-(3,5-di-t-butyl-4-hydroxy-cinnamenyI), mp 1 88-91 °C 

(b) 2-[2-(3,5-di-t-butyl-4-hydroxy-phenyI)ethyl], mp 128-30° C 
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By using a procedure similar to Example 2 g, employing the appropriate 5- 
chloro-7-ethynyI-2-substituted-benzoxazole, the following 5-chloro-7-(2<2-pyrioyl) 
ethynyl)-2-substituted-benzoxazoles was obtained: 

(a) 2-(3,5-di-t-butyl-cinnamenyl), rap \69-7\"C. 
Hydrogenation according to Example 49, step b gave: 

(b) 2-[2-(4-acetoxy-3,5-di-t-butyl-phenyl)ethyl]-5.chloro-7.t2-(2-pyridyI)ethyl]. 
benzoxazole, mp 134-5 D 

EXAMPLE 59 

By using a procedure similar to that set forth in Example 3 and the 7-ethynyl 
compound: 

(a) 5-cnloro-2K2-^loroberi2yI).7-[2-(2-thiazolyl)ethyn y I].ben2oxazole, mp 149- 
5 1 °C was prepared; 

and by subsequent hydrogenation according to Example 49, step b, 

(b) 5-chloro-2-(2-chlorobenzyl-7-[2-(2-thia20lyI)eth y I]-ben20xazole, mp 64-6 °C 
. was prepared. 

EXAMPLE 60 

By using a similar procedure to Example 49, step a, employing 7-bromo-5- 
chIoro-2-(2-chlorobenzyl)-ben20xazole and 4-pentyn-l-ol the following compounds 
were prepared: 
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(a) 5-chloro-2-(2-chlorobenzyI)-7-(5-hydroxy-l-pentynyI)-ben20xazoIe, mp 96- 
7°C. 

Elemental analysis for C 19 H 1 5 C1N0 2 

calc C 63.35 H 4.20 N3.89 O 8.88 

found C 63.14 H 3.96 N3.84 0 9.08 

(b) Hydrogenation according to Example 49, step b gave: 
5-chIoro-2-(2-chloroben2yl>-7-(5-hydroxypentyl)-benzoxa2ole, mp 72-9 °C. 

EXAMPLE 61 

2-(3,4-dimethoxvbenzyl>-7W , 3-hvdroxv-pronvlVbenzoxazole 

A solution of 2.89 g (8.0 mrnol) of 5-chloro-2-(3,4-dimethoxybenzyI)-7-(3- 
hydroxy-propyl)-benzoxazole in 50 ml of THF and 1.23 ml (8.8 mmol) of triethylamine 
and with 0.58 g of 10% Pd-C was hydrogenated in an autoclave at about 1 100 psi. 
After 2.5 hour, the catalyst was filtered off and the solvents evaporated in vacuo. The 
residue was dissolved in dichloromethane and filtered through 6.3 g of silica gel in a 
column. The recovered material (2.53 g) was crystallized from di-isopropyl ether to 
give the title compound (1.36 g, 51.9%), mp 95-7°C. A second crop of 0.94 g 
(35.9%) was also obtained. 
Elemental analysis for C^H^NO. 

calc. C 69.71 H 6.47 N 4.28 O 19.55 

found C 69.83 H 6.26 N 4.44 O 19.46 

EXAMPLE 62 

S-Chloro-2-f3-cvcloT>entvloxv>4-methoxv-r)henvlV7-f3-fN-t-bntoxvcarbonvl*N- 
hvdroxv-BTnino>-l-pronvnvn-benzoxazole 

(a) 5-Chloro-2-n-cvclopentvIoxv-4-methoxv-phen^^ 
N-t-butvloxvcarbonvloxv-amino)- 1 -propynvll-benzoxazole 

A solution of 1.24 ml (6.0 mmol) of di-isopropyl azodicarboxylate in 5 ml of 
THF was added at 0°C to a suspension of 1.99 g (5.0 mmol) of benzoxazole-7- 
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propargyl alcohol. t-buryi-N-(t-butoxycarbonyloxy)carbamate (97%, 1.32 g, 5.5 
mmol), and 1.61 g (6.0 mmol) of triphenylphospnine (98%) in 20 ml of THF added 
within 5 minutes. After 1 hour, the solution was evaporated in vacuo, the residue 
dissolved in 25 ml of dichloromethane and purified by chromatography on 250 g of 
silicagel. The first 1.54 g (50.1%) were crystallized from diisopropyl ether to give the 
title compound (1 .07 g, 34.9%), mp 144-6°C. 

N-hvdroxv-ami noVl -propynvn-benzoxazole 

1.00 g (1.6 mmol) of 5-chloro-2-(3-cyclopenrylo>cy-4.methoxy-phenyI)-7.[3- 
(N-t-butyloxycarbonyl-N-t-butoxycarbonyloxy-arnino). 1 -propynyl]-benzoxazole was 
dissolved in 20 ml of THF and treated with 20 g of ammonia in a reactor. The pressure 
rose to 100 psi. After 2 hours, the solvents were removed //; vacuo. Crystallization 
from methanol and recrystallization from di-isopropyl ether gave the title compound 
(0.47 g, 56.2%), mp 157-61 °C. 

While the invention has been illustrated with respect to the production and use 
of a particular compound, it was apparent that variations and modifications of the 
invention can be made without departing from the spirit or scope of the invention. 
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WHAT IS CLAIMED IS: 
1. A compound of the formula: 




X is O or S; 

R, and R 2 are independently selected from hydrogen, halogen, hydroxy, nitro, 
QZj, OQZ* OCOQZj, NHQZ, or NHCOQZj wherein: 

Q is a bond, a saturated or unsaturated straight-chain or branched alkylene, 
alkenylene or alkynylene group containing from 1 to 12 carbon atoms; 

Z, is hydrogen, CH(OH)QH, OQH, NO,, N(QH),, CO,QH, GON(QH)j, 
CON(OH)QH, OCOQH, OCON(QH) 2> OCON(OH)QH, NHCON(QH) 2 , 
N(OH)CON(QH) 2 , CH=NOCOQH, CH=NOCON(QH) 2 , COQH, N(OH)COQH, 
aryl or a heteroaryl ring containing one or more of members of the group selected 
from nitrogen, oxygen and sulfur; said aryl or heteroaryl ring being unsubstituted 
or further substituted with one or more halogen atoms, alkyl groups, OH, OQH, 
NO* NH 2 , C0 2 QH, CON(QH) 2 , OCOQH, and OCON(QH) 2 ; 

R 3 is an unsubstituted aryl, heteroaryl or aryl/heteroaryl substituted with 1-3 
members independently chosen from the group consisting of OH, O-alkyl, 0(CO)aIkyl, 
O-cycloalkyl, halogen, NH 2 , N0 2 , HO-alkyl, R 5 or R«; 

Z, is a linkage selected from a bond, -CH 2 -, -CH=CH-, 
-CH 2 CH 2 - S -CHCCHj)- and -CCCHjV; except that Z,R 3 is not 3,5-di-t-butyl-4-hydroxy- 
phenyl; 

R 4 is hydrogen or a halogen; 
Rj is an alkyl; and 
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R<; is a cycloalkyl. 

2. A compound according to claim 1 wherein one of R, and R, is hydrogen; X is 
O and R, is halogen. 

3. A compound according to claim 1. wherein Z, is selected from the group 
consisting of -CH 2 -, -CH,CH,- and -CH=CH-. 

4. A compound according to claim 3 wherein R, is chlorine. 

5. A compound according to claim 1 wherein Q is an alkenylene. 

6. A compound according to claim 1 wherein Q is an alkynylene. 

7. A compound according to claim 1, wherein Q is an alkynylene and Zj is a 
pyridine. 

8. A compound according to claim 1. wherein Q is an alkynylene and Zj is a 
thiazole. 

9. A compound according to claim 1, wherein R, is selected from the group 
consisting of unsubstituted and substituted phenyls. 

10. A compound according to claim 9, wherein said phenyl is selected from the 
group consisting of chlorophenyls, fluorophenyls and chloro-fluorophenyls. 

11. A compound according to claim 9, wherein R, is 3-cycIopentyIoxy-4- 
methoxyphenyl or 3,4-dimethoxyphenyI. 

12. A compound according to claim 9, wherein R, is selected from the group 
consisting of 3,5-di-t-butyM-hydroxyphenyl; and 3,5-di-t-butyl-4-acetoxyphenyl. 

13 . A compound according to claim 5, wherein said alkenylene is -CH=CH-, 
-CH r CH=CH- or -CH=CH-CH,-. 

14. A compound according to claim 6, wherein said alkynylene is -CsC- or 
-ChC-CH,-. 

15. A compound according to claim 1, wherein Q is an alkylene group. 

1 6. A compound according to claim 1 5, wherein said alkylene is -CH,-, -CH,-CH r 
or-CH,-CH 2 -CH 2 -. 

1 7. A compound according to claim 1 , wherein R, is a branched or straight chain 
alkyl group of 1-12 carbon atoms. 

1 8. A compound according to claim 1 7, wherein R 5 is methyl or ethyl. 

1 9. A compound according to claim 1 , wherein R« is a cycloalkyl group of 1-12 
carbon atoms, which may be substituted by one or more halogens or an alkyl of 1-6 
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carbon atoms. 

20. A compound according to claim 19, wherein a cyclopentyl group. 

21. A compound according to claim 20, wherein said cyclopentyl group is 
unsubstituted or substituted by a saturated or unsaturated straight-chain lower alkyl 
group containing from about 1 to about 6 carbon atoms, or one or more halogen 
atoms, hydroxy! groups, cyano groups, nhro groups, carboxyl groups, allcoxy groups, 
alkoxycarbonyl, carboxamido or substituted or unsubstituted amino groups. 

22. A compound of claim 1 selected from the group consisting of 
2-(3-cyclopentyIoxy-4-methoxybenzyl)-5-chloro-7- 
allylbenzoxazole; 

5-chIoro-2-(3,5-di-t-butyl-4-hydroxy-ben2y!)-7-(2-(2-pyridyl)-ethynyl)- 
benzoxazole; 

5-chloro-2-(3,5-di-t-butyl-4-hydroxy-benzyI)-7.(2-(2-thiazolyl)-ethynyI)- 
benzoxazole; 

7-bromo-5-chloro-2-(3,4-dimethoxy-benzyI)-benzoxazole; 

2-(3-cyclopentyloxy^-methoxy-benzyl)-7-nitro-benzoxazole; 

2-(3-cyclopentyloxy-4-methoxy-benzyl)-4-hydroxy-benzoxazole; 

4-acetoxy-2-(3-cyclopentyloxy«4-methoxy-benzyl)benzoxazole; 

7-bromo-5-chloro-2-(3-cyclopentyloxy-4-methoxybenzyl)-benzoxazole; 

4- (5-chloro-2-(2-chlorophenyl)benzoxazol-7-y!)butan-2-one; 
2-{(3-cyclopentyloxy-4-methoxy)benzyl)-4-(2-pyridylmethoxy)-benzoxazoie; 
2-((3-cyclopentyloxy-4-methoxy)benzy])-7-(2-pyridinecarbonylamino)- 
benzoxazole; and 

2-((3-cyclopentyloxy-4-methoxy)benzyl)-7-bromo-benzoxazole. 

23. A method of effecting selective PDE IV inhibition to a patient requiring the 
same, which comprises administering an effective amount of the compound of claim 
1. 

24. The method of claim 23, wherein said compound is selected from the group 
consisting of: 

2-(3-cyclopentyloxy-4-methoxybenzyl)-5-chloro-7-aIlyIbenzoxazole; 

5- chIoro-2-(3,5-di-t-butyl-4-hydroxy-benzyI)-7-(2-(2-pyridyl)-ethynyI)- 
benzoxazole; 
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5-chloro-2-(3,5-di-t-butyI-4-hydroxy-benzyl)-7-(2-(2- 
thiazolyI)-ethynyl)-benzoxa2ole; 

7-bromo-5.chloro-2.(3,4.dimethoxy.ben2y!)-ben2oxazo]e; 

2-(3-cyclopentyloxy-4-methoxy-benzyl)-7-nitro-ben2oxazole; 

2-(3-cyclopentyloxy-4-methoxy-ben2yl)-4-hydroxy-ben2oxazole; 

4-acetoxy.2.(3.cyclopentyloxy.4-methoxy-benzyI)ben 2 oxazoIe; 

7-bromo-5K:hloro-2K3^yclopentyloxy^ m ethoxyben2yl)-ben2oxa2ole; 

4-(5-chloro-2-(2-chlorophenyl)ben2oxazol-7-y!)butan-2.one; 

2<(3^dopentyIo>o'^methoxy)benzy!)^(2-p y ridyl m ethoxy).ben 2 oxa Z ole; 

2.((3.cyclope n tyloxy-4-methoxy)ben 2 yI)-7.(2.pyridinecarbonyl am ino). 
benzoxazole; and 

2^(3.cycIopenty]oxy^methoxy)benzyI).7-bromo-benzoxazoIe. 

25. A pharmaceutical composition comprising a compound having the chemical 
structure set forth in claim 1 . 

26. The pharmaceutical composition of claim 25, wherein said compound is 
selected from the group consisting of: 

2-(3-cyclopentyloxy-4-methoxybenzyJ)-5-chIoro-7- 
allylbenzoxazole; 

5-chloro-2-(3,5-di.t-buty]^.hydroxy.benzyl)-7-(2-(2.pyridyI).ethynyI)- 
benzoxazole; 

5-chloro-2-(3,5-di-t-buty!-4-hydroxy-benzyl)-7-(2-(2- 
thiazoly!)-ethynyl)-benzoxazole; 

7-bromo-5-ch]oro-2-(3,4-dimethoxy-benzyl)-benzoxazole; 

2-(3-cyclopentyloxy-4-methoxy-benzyl)-7.nitro-benzoxazole; 

2-(3-cyclopentyloxy-4-methoxy-benzyI)^-hydroxy-benzoxazoIe; 

4-acetoxy-2-(3-cycIopentyloxy-4-methoxy-benzyI)benzo } cazole; 

7-bromo-5-chIoro-2.(3-cyclopentyloxy-4-methoxybenzyl)-benzoxazole; 

4-(5-chloro-2-(2-chlorophenyI)benzoxazoI-7-yl)butan-2-one; 

2-((3-cyclopentyloxy-4-methoxy)benzyl)-4-(2-pyridyl m ethoxy)-b e nzoxazole; 

2-((3-cyclopentyloxy-4.methoxy)benzyl)-7-(2.pyridinecarbonylamino)- 
benzoxazole; and 

2-((3-cycIopentyIoxy-4-methoxy)benzyI)-7-bromo-benzoxazoIe. 
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21, A method of treating a mammal suffering from a disease state selected from the 
group consisting of asthma, allergies, inflammation, depression, dementia, atopic 
diseases, rhinitis and disease states associated with abnormally high physiological levels 
of a member of the group consisting of cytokines, inflammatory cytokines and 
chemokines, comprising administering an effective amount of the composition of claim 
1. 

28. The method of claim 27, wherein said composition is selected from the group 
consisting of 

2-(3-cyclopentyloxy-4-methoxybenzyI)-5-chloro-7- 
allylbenzoxazole; 

5-chloro-2-(3,5-di-t-butyl-4-hydroxy-ben2yl)-7-(2-(2-pyridyl)-ethynyl)- 
benzoxazole; 

5-chloro-2-(3,5-di-t-butyI -4 -hydroxy- ben zyI)-7-(2-(2- 
thiazolyI)-ethynyl)-benzoxazole; 

7-bromo-5-chIoro-2-(3,4-dimethoxy-benzyI)-benzoxazole; 

2-(3-cyclopentyloxy-4-methoxy-benzyI)-7-nitro-benzoxazole; 

2-(3-cyclopentyloxy-4-methoxy-benzyI)-4-hydroxy-benzoxazole; 

4-acetoxy-2-(3-cycIopentyloxy-4-methoxy-benzyI)benzoxazole; 

7-bromo-5-chloro-2-(3-cyclopentyloxy-4-methoxybenzyI)-benzoxazble; 

4-(5-chloro-2-(2-chIorophenyl)benzoxazoI-7-yl)butan-2-one; 

2-((3-cyclopentyloxy-4-methoxy)benzyl)-4-(2-pyridylmethoxy)-benzoxazole; 

2-((3-cyclopentyloxy-4-methoxy)benzyI)-7-(2-pyridinecarbonylamino)- 

benzoxazole; and 

2-((3-cyclopentyloxy-4-methoxy)benzyl)-7-bromo-benzoxazole. 

29. A compound according to claim 1 having a PDE IV ICjo of less than about 
10/zM 
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